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Abstract of the thesis, submitted to the Aligarh Muslim University, Aligarh, India 
for the degree of Doctor of Philosophy in BOTANY 
The present thesis comprises of six chapters. In Chapter 1, the importance of the 
problem and the lacunae in the understanding of the problem and justifications have been 
put forward for enterprising the present work. 
In Chapter 2, a review of the work done on individual and of combined effect of 
plant growth regulators and sulphur nutrition on crop growth and development have been 
envisaged. 
Chapter 3 deals with the details of material and methods employed for the four 
field experiments conducted and relevant meteorological and edaphic data have been 
given 
In Chapter 4, the results found significant at P < 0.05 on performing statistical 
analysis according to the design of the experiment have been recorded in detail and the 
significant resuhs have been discussed in the context of earlier findings in Chapter 5. 
Chapter 6 deals with the summary which was followed by bibiliography. 
Four field trials were conducted on Brassica juncea L. Czern &. Coss. cv Varuna 
during rabi season at the Farm of Aligarh Muslim University, Aligarh, India fi-om 1995-
97. 
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Experiment 1 (1995-96) was conducted according to factorial randomised block 
design to establish the most suitable duration (8 or 12 h) for soaking of mustard (Brassica 
juncea L.) var. Varuna seeds in GA3 solutions of concentrations of 0, lO"*, 10'', and 10 
M on performance of mustard. Soaking concentration of lO"^  M GA3 and soaking 
duration of 8 h was found to be the best in comparison to any other combinations of the 
treatment for most of the parameters studied. In growth parameters, soaking of seeds for 
8 h in 10"^  M GA3 concentration increased the plant height, leaf area and plant dry 
weight. Further enhancement in concentration, i.e., 10"', 10"^  M or soaking for higher 
duration i.e. 12 h could not improve these parameters. The distribution of dry weight 
from source to sink (pods) was highly efficient in 10"^  M GA3 concentration as was 
evident from higher pod dry weight. Crop growth rate was impressively enhanced with 
soaking of seeds in 10"^  M GA3 for 8 h at early growth stages, i.e., 0-40 DAS interval and 
60-80 DAS interval. However, relative growth rate and net assimilation rate got declined 
with GA3 soaking. Specific leaf weight increased and leaves became thicker at initial 
stage upto 80 DAS in treatment 10 M GA3 soaked seed and became equivalent to that of 
control treatment at 100 and 120 DAS. In photosynthetic parameters, chlorophyll 
content, rate of photosynthesis and photosynthetically active radiation was increased with 
10"^  M GA3 soaking of seeds for 8 h. In biochemical parameters soaking of seeds for 8 or 
12 h and in all concentrations of GA3 resuhed in equal values for nitrogen, phosphorus 
and potassium content. Uptake of N, P and K were, however, enhanced by 8 h soaking 
treatment in 10"^  M GA3. In yield parameters, number of pods and seed yield was 
increased which directly boosted the oil yield. The quality parameters; oil content, acid, 
iodine and saponification values remained unchanged with any of the treatment. The 
interaction effect of GA3 soaking concentrations and soaking duration was found to be 
non significant for almost all the data. 
Experiment 2 (1995-96) was conducted according to factorial randomized block 
design. The aim of this experiment was to ascertain the effect of single foliar spray of 0, 
10"*, 10"' and 10"^ M GA3 at 40 and 60 DAS, or double spray in equal splits of 0, 10"'^ 
10"'" and 10"^ GA3 both at 40 and 60 days. It was noticed that the effect of GA3 spray 
at 40 DAS and two equal splits of GA3 spray at 40 and 60 DAS were at par for all the 
parameters at final stages. The spraying concentration of lO'^ M GA3 at 40 DAS was 
registered best for most of the parameters investigated. Almost all the growth 
characteristics and photosynthetic parameters were influenced favourably with spray of 
10"'M GA3 at 40 DAS and the response was identical to that of soaking experiment 
(Experiment 1). In biochemical parameters, no difference was found between the 
spraying concentrations of GA3 and water for the concentrations of the nutrients. 
However, nutrients (N, P, K) uptake was enhanced by the treatment. Yield attributing 
parameters, seed yield and oil yield were recorded highest for 10" 'M GA3 sprayed plants 
at 40 DAS. The interaction effect was found to be significant for only few growth and 
photosynthetic parameters at 60 and 80 DAS samplings. 
Experiments 3 and 4 (1996-97) were conducted simultaneously according to 
factorial randomized block design to assess the effect of soaking of mustard seeds for 8h 
(selected in Experiment 1) in 0, 10"*, 10"' and 10"^ M GA3 along with five levels of basally 
applied elemental sulphur 0, 25, 50, 75 and 100 kg/ha (Experiment 3) and GA3 spraying 
of 0, 10"*, 10"' and 10"^ M at 40 DAS (selected in Experiment 2) along with five basal 
levels of sulphur 0, 25, 50, 75 and 100 kg/ha (Experiment 4). The parameters studied in 
these experiments were same as in earlier experiments. But in biochemical parameters 
content and uptake of sulphur were also determined. In general, it was observed that at 
lower level of sulphur (25 or 50kg S/ha), soaking (lO'^M GA3) or spraying (10*'M GA3) 
of GA3 elicited beneficial effect on almost all parameters, but at higher levels of sulphur 
(75 or 100kg S/ha) and soaking or spraying of GA3 did not show any beneficial effect. 
In Experiment 3 seed soaking in 10"*M GA3 for 8 h improved growth, 
photo synthetic, biochemical and yield parameters. In this Experiment, it was also found 
that application of 25kg S/ha registered maximum plant height, larger canopy and thereby 
higher biomass accumulation at all stages of sampling. Crop growth rate was immensely 
improved with 25kg S/ha while RGR and NAR were found to be maximum in higher 
levels of sulphur. 
Pod dry weight was highest in 25kg S/ha treatment which reflects the efficient 
translocation of dry matter towards sinks (pods). In photosynthetic parameters, 
chlorophyll content, rate of photosynthesis and photo synthetically active radiation were 
found to be highest in sulphur level 25 kg S/ha. However, at higher levels of sulphur rate 
of photosynthesis and chlorophyll content was decreased at all sampling days, but PAR 
was higher at 100 DAS. In biochemical parameters, nitrogen and sulphur content was 
found to be increased with increasing levels of sulphur while potassium and phosphorus 
content remain unaltered. Uptake of nitrogen, phosphorus, potassium and sulphur was 
found to be highest in 25kg S/ha treatment. In yield parameters pod number, seed yield 
biological yield and harvest index were found to be maximum in 25kg S/ha treatment. 
This had direct implications on the oil yield which treads the similar path to that of seed 
yield. In quality parameters, quality of oil got improved by lowering the acid value and 
increasing the saponification value of the oil with the application of 25kg S/ha, where 
former considered to be good for oil keeping quality while latter for digestibility and soap 
making quality. The interaction effect was found to be significant for most of the 
parameters, where lower levels of sulphur, showed significant difiFerence and higher 
values than individual effects. 
In Experiment 4, the response of all growth, photosynthetic, biochemical, yield 
and quality parameters were similar for various sulphur levels, lO'^ M GA3 and its 
interaction to that of Experiment 3. 
The perusal- of the pooled analysis of the data recorded for Experiment 3 and 
Experiment 4 and fitting the regression curve for seed yield of these two experiments, it 
emerged that the trend of response to GA3 in these experiments were similar. The option 
of selecting the mode of application of GA3 (through seed soaking or foliar spray) 
depends on one's own limitations and local conditions 
rr ^\\ 
; I Ace. N o ^ ^ I 
MORPHOPHYSIOLOGY AND PRODUCTIVITY OF 
MUSTARD IN RELATION TO GIBBERELLIC 
ACID AND SULPHUR APPLICATION 
mi 
I 'V" 
%%i.<w 
•^ -Jt-
T H E S I S 
SUBMITTED FOR THE DEGREE OF 
Bottor of $I|tto^opI)p 
BOTANY 
N."/ 
MOHD. MOBIN 
DEPARTMENT OF BOTANY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH ( INDIA) 
^'^ 
&"= 
f i 
IHESIS 
• " • , . ' , t . / / j * - \ I,- fs V ' 
^ M 
, r ^ ^ ' • ' ->> 
:vr 
r • > ^ 
I A c e . N o •'^ 
^ % 
'^ V, 
*'*'/in tr.>^ .^! . -^ 
^'iiE. 
«- .v 
:s 
I 3 MAR 2C02 
. y ' ^ • i^ w ' 3 -
4 -S. Vr^l'S^^ii'^ 
T5379 
'*S>f 
V^VICATEV TO 
MY 
PAK^NTS 
Nafees Ahmad Khan 
M.Sc., Ph.D. (Alig.) 
Lecturer 
Department of Botany 
Aligarh Muslim University 
Aligarh-202 002 India 
Phone: 
Off. (0571) 401016 
Res. (0571) 504550 
Dated: 30 f^ 1999 
i CERTIFICATE } 
This is to certify that the thesis entitled Morphophysiology and 
Productivity of Mustard in Relation to Gibberellic Acid and Sulphur 
Application submitted for the degree of Doctor of Philosophy in Botany, is a 
faithful record of the bonafide research work carried out at the Aligarh Muslim 
University, Aligarh by Mr. Mohd. Mobin under my guidance and supervision 
and that no part of it has been submitted for any other degree or diploma. 
V^ Dee> (U^ 
(WAFERS AHMAD KHAN) 
ACKNOWLDEGEMENTS 
I am grateful to Dr. Nafees Ahmad Khan, Lecturer, Department of Botany, 
Aligarh Muslim University , Aligarh for his able guidance and continued interest 
during the preparation of this thesis. 
I must register my sincere thanks to Prof. Saeed A. Siddiqui, Chairman and 
Prof. M. Wajid Khan, Former Chairman, Department of Botany, Aligarh Muslim 
University, Aligarh for providing necessary facilities during the research work. 
I express my deep sense of gratitude to Prof. Samiullah for his timely help 
and encouragement during the course of this work. 
I would like to place on record my profound thanks to respected teachers, 
Drs. Aqil Ahmed, Arif Inam, Firoz Mohammad and M.M.A.Khan for their 
incomparable suggestions needed time to time. 
I have no words to express my gratitude to my friends, Dr Moinuddin 
Khan, Dr. Shamsul Hayat and Dr. Habibur Rehman Ansari and Messers Arshad 
Hussain, M. Manzar, Rafiullah Siddiqui, Zaki M. Azam, Nasir A. Lone, Qazi 
Fariduddin, Ramzan Mir, Sheikh Javed, Fayyaz A. Sheikh, Irfan Ahmad, Shoukat 
H. Shah, G. A. Subramanian, Ms. Afroza Akhtar, Ms. Shazia Alvi and Ms. Shahla 
Saeed for their well timely help and great support in every respect, without 
which the task was impossible. 
I would like to express my sincere thanks to my brothers, Messers Naiyar 
Jamil, Ashraf Jamil, Shamim, Arshad and especially to Monis and also to my 
sisters Mrs. Shakila Zaman, Mrs. Tabassum Rahman, Mrs, Iff at Ayub, Miss. Ismat 
and Miss Nishat for their ever inspiring role, deepest care and moral assistance 
during this tedious work. 
Special mention must be made to my beloved parents not only for as they 
played a part in my own existence but also for their dedication, forbearance, help 
and encouragement without which this work would have not existed. 
Lastly the award of research fellowship by University Grants Commission, 
New Delhi, India is gratefully acknowledged. 
(MOHD. MOBIN) 
CONTENTS 
Page No 
1 INTRODUCTION 1 
2 REVIEW OF LITERATURE 5 
3 MATERIAL AND METHODS 35 
4 RESULTS 51 
5 DISCUSSION 106 
6 SUMMARY 129 
7 BIBILIOGRAPHY 133 
8 APPENDIX i 
CHAPTEK - 1 
INTKOVUCTION 
CHAPTER-1 
INTRODUCTION 
Oilseeds are among the most ancient crops naturalized by mankind. Historically, 
the cultivation of Brassica spp. dates back to approximately 1500 BC (Prakash, 1980). 
From the beginning of its cultivation oilseeds were utilized in a variety of edible and non 
edible applications. Most vegetable oil is used directly in the human diet as cooking or 
salad oil and in margarine or indirectly processed products such as shortenings and 
confectionery. Oil is not the only economically valuable product of oilseed crops, but 
byproducts; such as protein meal from seeds and hulls of seeds are used as animal feed-
stuff and as a fuel or in the construction of buildings or insulation boards. About 20-30% 
of oil is used for non-edible purposes. The major non-edible end use of vegetable oils is 
in the production of soaps, detergents, lubricants, plastics and resins, paints, varnishes 
and coatings, cosmetics and precursors to a wide range of chemicals. 
The fats contained in the seeds provide 2.5 times more calories than 
carbohydrates. Fats are also an important constituent of cell membranes and serve as a 
precursors for a variety of biologically active compounds collectively known as 
eicosanoids (e.g. prostagladins, thromboxanes and leukotrienes). It also helps in 
transport of fat soluble vitamins, A, D, E and K in human body. 
Four major crops, soybean, sunflower, rape and palm provide over 70% of 
the world's vegetable oil supplies with cotton seed, coconut and ground nut providing 
most of the remainder. Oilseed Brassica accounts for approximately 10% of total world 
oilseed production and 14-15% of the total vegetable oil production (Dovmey and 
Rjmmer, 1993). There are few non-conventional sources of oil which are employed to 
increase the resources of vegetable oil. Most important of them are, tobacco seed, rice-
bran, maize-germ and tomato seed. 
Oilseed occupy a very important place in agricultural produce all over the world, 
so as in Indian agriculture. India has about 35% area of the world under oilseed 
cultivation, but produces about 7% of world's edible oil to meet the need of about 16% 
of the total world population. It stands at the top of the world as far as area under 
cultivation for niger, sesame, groundnut and linseed is concerned. Rapeseed is cuhivated 
in 3.73 million hectares in India, which keeps it to the third position in the world just 
behind the Canada and China. The per capita requirement of oils and fats is 18 gm per 
day. To meet this standard, India has to produce an additional 9 million tonnes by 2000 
A.D., which is at present 16 million tonnes. With demand ceaselessly registering a faster 
rate of growth than the production, the country is heavily relying on edible oil imports. 
This stresses our already limited foreign reserves. Therefore, enhancement of oilseed 
production is one of the national priorities. For this Technology Mission on Oilseed was 
established in 1986. Since then the area under cultivation has gone up from 21 million 
hectares in 1987-88 to 27 million hectares in 1995-96, and the average yield per hectare 
has gone up from 629 kg/ha in 1987-88 to 815 kg/ha in 1994-95. 
The low production of oilseeds in India is due to several factors. Some of them 
are listed here: 
(i) More than 75% of the farmers have small or marginal holdings of less than two 
hectares, (ii) Only 15% of area under oilseed is irrigated as compared to 72% under 
wheat and 44% in rice, (iii) Absence in advancement of agricultural techniques for high 
yielding varieties, post harvest technology and proper processing facilities, (iv) Attack of 
pests and diseases as former attacks the reproductive parts of the plants while the latter 
damages the vegetative parts of the plants, (v) Number of flowers produced are more than 
pods, only 68% of flowers develops into pods, (vi) Lower temperature influences the 
flower bud development and thereby lowers the seed yield, (vii) Internal hormonal 
imbalance during the sink development, (viii) Improper source-sink relationship. 
India has made a quantum strides in increasing oilseed production, with the 
greatest contribution coming from fertilizers besides many other factors. Among 
fertilizers main emphasis has always been on the primary essential elements (N, P and 
K). Perhaps other important nutrient, sulphur was not given priority over to primary 
essential nutrients mentioned earlier, although the sulphur in oilseed crop is of paramount 
importance. Predominantly in all crops and especially in oilseed crops, inadequacy of 
sulphur restricts the agricultural productions. Functions of sulphur is closely related to 
nitrogen. Therefore, erratic application of sulphur has far-reaching implications and 
consequences. Oilseed crops are characterized by high S requirement. Generally 1-6, 5-
13 and 5-20 kg of sulphur are absorbed by the plant to produce 1.0 tonn of seed in 
cereals, pulses and oilseeds respectively. Current estimates indicate that while the annual 
uptake of S is around one million tonnes and the addition through fertilizers is only 
around 0.43 million tonnes. The estimated S-gap for India during 1980 was 2.49 million 
tonnes, 3.11 million tonnes in 1990 and is expected to be 4.04 million tonnes in 2000. 
Sulphur deficiency has been reported from 25% of the districts of the country, 
Aligarh is one among them where 41% of the soil samples were found to be sulphur 
deficient. 
The large gap between the addition of sulphur to soil and its demand by the crops 
is due to the intensification of agriculture based on HYY, multiple cropping, high 
intensity of cropping under irrigation and with increasing use of high analysis fertilizers 
low in sulphur. The situation is further aggravated because of the great losses of sulphate 
or its adsorption in soils. Unless this gap is bridged, S-deficiency could develop into a 
serious constraint in our production boosting efforts. Therefore, in order to maintain soil 
fertility and crop productivity at a high level, the amount of S removed by crops and 
losses through leaching must be compensated by application of sulphur. This accentuates 
the importance of supplying the right amount of sulphur to agricultural ecosystems. 
However any fertilizer can not be supplied indiscriminately as it may have negative 
impact on economy and ecosystem. Moreover, a poor farmer can not afford the burden 
of high prices of fertilizer although subsidies provided by the government. It may be 
reiterated here that in India about 75% of the farmers have marginal holdings of less than 
two hectares and with limitations in increasing the acreage of cultivation, it is necessary 
to innovate the ways which can augment the yield of the crop with better utilization of the 
input fertilizers. To achieve this, the crop should be manipulated in such a way as to 
utilize the maximum possible available resources. This has led to the option of 
enhancing the efficacy of the crops for reaping more solar energy and subsequently 
increasing the number of active sink and translocating the stored dry matter to the 
developing sink. In this context, growth regulators is thought to be the trendsetter. They 
are known to be actively involved in various physiological activities such as growth, 
flowering and ion-transport (Wareing and Phillips, 1981, Khan, 1996; Khan et ah, 1997, 
KhaneM/., 1998, Khan e/a/., 1999). 
Earlier work carried out in this laboratory has established that gibberellic acid 
(GA3) has potential to enhance growth, nutrient transport and yielding ability of mustard 
grown under various regimes of nitrogen and phosphorus. The effect of GA3 along with 
potassium was found to be non-significant (Ansari, 1996; Khan, 1996, Khan et ai, 1996, 
Khan et ai, 1997(a); Khan et al, 1997(b); Khan and Samiullah, 1997(a); Khan and 
3 
Samiullah, 1997(b); Khan et al, 1997; Khan et al, 1998 and Khan et al, 1999). In this 
programme, however, sulphur was not included. It was, therefore, felt imperative to 
study the effect of application of sulphur in association with GA3 for maximising crop 
productivity through various growth, physiological, biochemical and yield characteristics. 
With this view, four field experiments on mustard {Brassica juncea L. Czem & Coss.) 
var Varuna were designed to accomplish the following objectives: 
1 To select the suitable duration for mustard seed soaking in GA3 concentrations for 
growth, nutrient accumulation, photosynthesis, yield and quality characteristics. 
2 To establish the suitable growth stage for foliar application of GA3 for groAvth and 
yield response 
3 To study the effect of seed soaking in GA3 for selected duration or foliar spray of 
GA3 at selected growth stage on mustard crop grown with varying levels of basally 
applied sulphur on the performance of the crop. 
4. To compare the efficacy of the treatments, seed soaking or foliar spray of GA3 in 
association with basal levels of sulphur in maximizing the crop growth and 
development 
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CHAPTER-2 
REVIEW OF LITERATURE 
2.1 Introduction 
History of civilization begins with the evolution of agrarian societies. The 
practice of agriculture is several thousand years old and practical discussions of crop 
production goes back to at least 2000 years ago, even then, agriculture faces many 
challenges worldwide. In many regions, production needs to be expanded to provide 
food for growing population, while in others, current production levels have to be 
maintained while striving for the right balance between intensive agriculture and 
environmental concerns. The production of oilseeds in India is one of those area which 
needs to be addressed seriously. 
The languid production of oilseeds has converged the attentions of agricuhural 
scientist to innovate and implement the improvised methods for boosting the yield, 
through proper nutrition, plant protection measures, high yielding varieties improved 
agronomic practices, maintaining internal hormonal balance and source-sink relationship. 
The traditional agricultural economy heavily rely on organic manure but could not 
meet the demands of rising populations and, therefore, greater efficiency in agriculture is 
required. In this, context, inorganic nutrients, which is concerned with acquisition of 
mineral elements from the soil, found to be immensely remarkable. The green revolution 
of India owes much to this form of nutrition. Now, when we are on the verge of entering 
into the era of Ever Green Revolution, the investigations regarding application of 
nutrients need to be thoughtfully considered, which has largely been ignored. 
In this context, it may be emphasized that work carried out in relation to nutrient 
is voluminous and it is known that application of only few nutrients (viz., N, P and K) 
alter the availability and uptake of other nutrients, therefore a balanced fertilization is 
very important. Sulphur an important plant nutrient is generally not applied to the plants 
except in the case of application of phosphorus in the form of single super phosphate 
(SSP) or gypsum. But sulphur, a major component of oil and protein structure found to 
enhance both the yield and quality of oilseed crops (Pasricha et al, 1998; Lakkineni and 
Abrol, 1992, Dubeye/flf/., 1994; Yadave/a/., 1996). 
Along with proper nutrition, if plants are supplied with any other chemical, which 
can improve the yield then that will be an additional benefit for the farmers. One such 
group of chemicals is thought to be the plant growth regulators. In this section the effect 
of growth regulators and sulphur nutrition on growth and yield of crop plants is envisaged 
separately and their interactions, if any. 
2.2 Plant growth regulators 
A phytohormone or plant hormone may be defined as an organic substance other 
than a nutrient, active in very minute amounts which is formed in certain parts of the 
plant and which is usually translocated to other sites, where it evokes specific 
biochemical, physiological and/or morphological responses. Thus plant growth regulator 
is an organic substance which in low concentration promotes, inhibits or modify growth 
and development, whereas growth inhibitor is an organic compound that retards growth 
generally. Hence, all hormones are plant growth substances i.e. natural plant products 
but opposite is not true. 
The precise location of synthesis of phytohormones is uncertain but actively 
growing leaves, fruits and developing seeds are thought to be the active sites of synthesis 
of phytohormones However, it appears that all tissues have the potential to produce any 
of the phytohormones, which are transported via the xylem or phloem and by diffusion 
such as in the case of ethylene. They occur in plants as free and conjugated forms. The 
latter are conjugates of sugars, amino acids and possibly peptides. The fi^ee forms are 
generally considered to be biologically active, while conjugates are viewed as functioning 
in controlling levels of the more active fi-ee forms transport and storage. 
The plant hormones are extremely important agent in the integration of 
developmental activities. Environmental factors often exert inductive effects by evoking 
changes in hormone metabolism and distribution within the plant. Apart from it, they 
also regulate expression of the intrinsic genetic potential of plants. Generally 
mechanisms of action of phytohormones are poorly understood. However, several 
mechanisms or combinations may be operative. Control of genetic expression has been 
demonstrated for the phytohormones at both the transcriptional and translational levels. 
Also, hormones receptors and binding proteins have been identified on membrane surface 
that are specific for some phytohormones. The type and abundance of these proteins 
appear to be important in determining the sensitivity of the tissues to differing 
concentrations and types of phytohormones, during development and changing 
environment. 
The commonly recognized classes of plant hormones are the auxins, gibberellins, 
cytokinins, abscisic acid, ethylene, brassinosteroids and the hypothetical florigens or 
anthesins. 
2.2.1 Gibberellins 
The gibberellins are a large family of diterpene acids, isolated as metabolites of 
the fungus fusarium moniliforme, the imperfect stage oiGibberellafujikuroi. 
Konishi (1898) for the first time described the "bakanae disease" (Foolish 
seedlings) of rice with characteristic symptoms of tall, spindly plants, but Kursowa 
(1926) for the first time reported GA fi-om cell free culture ofGihberellafujikuroi. 
Yabuta (1935) assigned the name "Gibberellin" to the active factor in G. fujikuroi. 
Two teams Stodola et al. (1955) and Brian et al. (1954) working with large scale 
preparation of GAs from fungus cultures isolated an entirely new compound, which was 
named as "Gibberellin X" by the former team while latter opted the name "Gibberellic 
acid", which is universally accepted and retained. Structures of gibberellic acid is given 
in Fig. 1. The number of GAs now known from all sources is about 121 (Hedden, 1999). 
Lockhart (1957) observed that the natural GA of the pea plant is produced in the 
stem tip. Phillips et al. (1967) found that GA synthesis occurred in the young leaves of 
the apical bud. Root tips were also shown to be potential sites of GA biosynthesis. 
Transport of exogenously applied GA occurs in phloem as noticed by Mc Comb 
(1964) while Chin et al. (1967) reported that the movement of applied GA is related to 
carbohydrate transport within the plant. 
The responses which is elicited by GAs include vernalization, senescence, and 
promotion of parthenocarpic fruits, in addition to it's role in dwarfism. 
The induction of enzyme activity in the endosperm by GA3 suggested that the 
primary action of the plant growth regulator may be close to the gene level. However it 
is not clear from the evidence presented so far whether the hormone operates directly at 
the transcriptional, post-transcriptional or translational levels. 
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2.3 Crop responses to plant growth regulators 
Growth regulators had been extensively used to induce early flowering, fixiit 
ripening and to improve yield of several agricultural crops (Nickel, 1982). This increase 
in the yields was probably due to the alteration in assimilate pattern (Ado Quaye et al. 
1986; Subrahamanyam, 1988). Growth regulators have long been implicated in assisting 
in assimilate translocation in established sink-source system (Patrick, 1982; Thomas, 
1986; Patrick and Steains, 1987; Pereto and Beltran, 1987; Khan et al, 1996; Khan et al, 
1998). In spite of many of its implications in agriculture, there are many questions which 
remain to be answered in ordev to maximize the true potential of plant growth substances. 
2.3.1 Plant growth regulators and growth parameters 
2.3.1.1 Plant height 
Several investigators have reported GA3 induce increase in plant height in rice 
varieties (Abe, 1988; Kawai and Takeoka, 1988; Katyama and Akita, 1989; Takahashi 
and Kaufmann, 1992). Pretreatment of seeds of cowpea (Vigna sinensis Endl.) with 
indole-3- acetic acid and indole butyric acid increased the plant height (Ogbonna and 
Abraham, 1989). Spray of gibberellic acid (lOppm) on 5/er;aance/75 enhanced the plant 
height considerably (Carrer et al, 1997). Treatment with lAA and GA3 increased the 
plant height of flax (EL-Shourbagy et al, 1994). In addition to this Dela Gaurdia and 
Benlloch (1980) observed marked increase when sunflower plants were treated with lO i^l 
ofGAs. 
When oilseed rape {Brassica napus L.) was applied with three concentrations (1,4 
and 8 kg/ha) of chlormequat, small reductions in the plant height was noted (Scarisbrick 
et al, 1982). In paddy rice granular applications of paclobutrazol have been shown to 
decrease the height (Leaver et al, 1982). Further, reductions in the plant height of winter 
wheat (Triticum aestivum L.) was observed when ethephon was applied (Nafziger et al, 
1986). Similar observations, with the application of triazole plant growth regulator 
triapenthenol and BAS III, on oilseed rape was recorded (Child et al, 1985). But 
contrary to this, Scarisbrick et al (1985) in oilseed rape and Gendy (1990) in rice, failed 
to notice any change in the height of plants with the application of paclobutrazol and 
CCC respectively. But these observations have got an explanations in the experiments, 
of Hutley Bull and Schwabe (1982), who suggested that when an antigibberellin is active 
within the plant, there is a gradual build up of precursor which later produces a burst of 
GAs synthesis allowing treated plants to grow to the same height as those of untreated. 
Zhou and Xi (1993), noted that plant height was increased slightly when sprayed with 
mixtalol but was decreased with paclobutrazol application. 
2.3. L2 Leaf number 
In mustard (Brassica juncea L.), Khan et al. (1998) reported that leaf number was 
enhanced with GA3 spray. Similar increase in the leaf number was also observed in rice 
with the application of growth regulator S-3307 (Wang et al, 1993). Foliar sprays of 
uniconazole at 10, 25 and 50mg/litre concentrations significantly increased the number of 
green leaves in winter rape (Zhou and Ye, 1996) and in rice (Izumi et al, 1984). 
2.3.1.3 Leaf area 
Application of GA3 on the dwarf mutant of rice enhanced the leaf area 
considerably (Yoshida, 1981; Singh, 1996). Similar increase in leaf area of Brassica due 
to GA3 have also been reported (Khan, 1996; Khan et al, 1996; Khan et al, 1998). 
2.3.1.4 Leaf area index 
Grewal and Kolar (1990) could not find a change in response to the application of 
CCC (250 ppm) on Brassica juncea, while further they recorded a decrease in the leaf 
area index of the crop with ethrel application. But contrary to this. Khan et al (1999) 
reported an increase in LAI in response to ethrel spray in Brassica. In a field trial, with 
Oat (Avena sativa L) , Jain and Yadav (1980) observed an enhancement in the leaf area 
index by application of 100 ppm of phosphon-D. Similarly, Khan et al (1996) and again 
in 1998, concluded that foliar spray of GA3 improved the leaf area index in mustard. 
2.3.1.5 Dry matter 
Exogenous application of lAA (50 ppm) and GA3 (50 ppm) produced 
considerable increase in dry weight of soybean (Kumar and Neelkandan, 1991). In a 
field experiments with rice (dwarf mutants) exogenous supplementation of GA3 found to 
be enhancing the dry matter (Singh, 1996). Similarly, when field grown mustard was 
treated with GA3, a remarkable increase in the dry matter was observed (Khan et al, 
1996; Khan et al, 1998). In line with this, Raghava and Murty (1988) noted an increase 
in Physalis peruviana and Physalis angulata. But Dela Gaurdia (1980) could not 
observe any appreciable enhancement in dry matter with application of GA3 on sunflower 
(Helianthus atmuus L.). 
The plant growth regulator ethephon (ethrel) influenced the dry matter 
significantly in mustard (Khan et al, 1991), winter wheat (Nafziger et al, 1986; Van 
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Sanford, 1989) and barley (Simmons et al, 1988). Foliar spray of moniethanolamine 
(EA) to rye and barley resulted into higher accumulation of biomass (Bergmann and 
Eckert, 1990). A combination of growth regulators (Miraculan, Paras, Planofix and N-
triacontanol) when sprayed to the mustard, were found to have positive effect on dry 
matter (Ghosh et al. 1991). In a field grown Sesamum indicum L., Saxena et al. (1991) 
observed the influence of four growth regulators (MH, 250 and 500 ppm, TIBA, 25 and 
50 ppm, CCC, 2000 and 4000 ppm and Alar, 1000 and 2000 ppm) on dry weight. This 
was significantly higher compared to control, with TEBA 50 ppm recorded maximum, 
these findings are well in accordance with Srivastava (1986) and Tripathi and Singh 
(1989). But contrarily, treatment with Maleic hydrazide (MH) had inhibitory effect on 
dry matter in cowpea {Vigna sinensis Endl) (Ogbonna and Abraham, 1989). 
In oilseed rape (Brassica napus L.) addition of cycocel could not bring any 
change in the dry weight as summarized by the findings of Scarisbrick et al. (1982). On 
the other hand, Brassica jtincea responded to CCC application by significant increase in 
the dry matter (Kettlewell et al, 1984). 
2.3.1.6 Crop growth rate (CGR), relative growth rate (RGR) and net assimilation 
rate (NAR) 
Spray application of GA3 had illicited maximum response for crop growth rate 
and relative growth rate in mustard, between 100 - 120 DAS, while net assimilation rate 
was found to be decreased in GA3 treated plants than that of control and/or kinetin treated 
plants between 100 - 120 DAS (Ansari, 1996). This was in contradiction with Alvim 
(1960), who reported a profound enhancement in net assimilation rate and relative growth 
rate in kidney bean {Phaseolus vulgaris L.) under the spray influence of GA3 (50 ppm). 
Application of CCC noticeably enhanced the crop growth rate of soybean plants (Singh et 
al., 1987). 
2.3.2 Plant growth regulators and photosynthetic parameters 
2.3.2.1 Chlorophyll 
The influence of GA is rather unclear, since increased as well as decreased levels 
of chlorophyll after GA treatment have been reported (El-Antably et al., 1967; Back and 
Richmond, 1971). Marked depletion in the chlorophyll content with GA3 application in 
rice leaves has been reported (Prakash and Prathapasenang, 1990; Singh, 1996). 
Contradictory reports have appeared concerning the effects of GA on plastid 
developments, ranging from no effect to stimulatory or inhibitory effects (Sundquist et 
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al, 1980; Bishnoi and Krishnamoorthy, 1992). In a field study, -w'xih Arachis hypogea L., 
Meyappan et al. (1991) established that NAA application significantly enhanced the 
chlorophyll content. 
Application of CCC (Cycocel) to the seeds of Sesamum indicum enhanced the 
chlorophyll content (Bashist, 1990). Similar enhancement in chlorophyll content to foliar 
spray of CCC was observed in peanut {Arachis hypogea L.) and wheat (Triticum 
aestivum L.) (Goring and Koshuchowa, 1980). But contrary to this, Grewal and Kolar 
(1990) claimed that appHcation of CCC and ethrel to Brassica juncea L. reduced the 
content of chlorophyll and confirmed the findings of Knypl and Chylinska (1972) in 
lettuce (Lactuca sativa L). The photosynthetic pigments of Brassica napus L., was 
found to be increased in response to the foliar application of uniconazole (Zhou and Ye, 
1996), mixtalol and paclobutrazol (Zhou and Xi, 1993). 
2.3.2.2 Photosynthesis 
Phytohormones may be employed to improve the physiological efficiency of 
plants by modifying the balance between photosynthesis and respiration (Arteca and 
Dong, 1981; Zerbe and Wild, 1981; Makeev et al, 1992). The photosynthetic response 
of crops to the agro-chemicals varies from one extreme to the other extreme. Application 
of gibberellins have shown to increase the photosynthetic processes (Gale et al, 1974; 
Erkan and Bangerth, 1980) while no effect (Hayashi, 1961; Little and Loach, 1975) or a 
decrease (Sanhla and Huber, 1974) has been observed. Similar varying responses to 
auxins have also been observed. Foliar application of lAA brought about enhancement in 
the photosynthetic rates (Borzenkova, 1976) whereas no significant effect (Robinson et 
al, 1978) or reduction (Erkan and Bangerth, 1980) was noted. In a very like manner the 
effects of ethylene and ethylene releasing compounds on photosynthesis was also found 
to be diverse, with some showing no effect to partial inhibition (Pallas and Kays, 1982; 
Squier et al, 1985; Taylor and Gunderson, 1986) or promotive effect (Cliquet and Morot-
Gaudry, 1989). But foliar application of cytokinins have only stimulatory effect 
(Borzenkova; 1976; Dong and Arteca, 1982) while responses to the foliar applications of 
ABA was always inhibitory to photosynthesis (Fisher et al 1985; Davies and Jones, 
1991). The photosynthetic activity was found to be increased in response to the 
application of triazole plant grov/th retardants (Child et al, 1987). Enhancing effect of 
other growth retardants, mixtalol (Zhou and Xi, 1993), palobutrazol (Liu, 1987) and 
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uniconazole (Yang el ai, 1994; Zhou and Ye, 1996) were also recorded on 
photosynthesis. 
2.3.2.3 Photosynthetically active radiation 
Photosynthetically active radiation is a measure of radiation available for 
photosynthesis. It is well known that plants vary in the sensitivity of the photosynthetic 
apparatus to radiation of different wavelengths within canopy. Mean sunlight irradiance 
or the proportion of sunlit leaf surface diminishes as an exponential function of LAI 
(Saeki, 1963; Charles-Edwards, 1982). Changes in radiation quality also occur, largely 
due to the spectral properties of leaf pigments, leading to a reduction in the red/far-red 
(R/FR) ratio as light penetrates the canopy (Holmes, 1981; Ballare et ai, 1989; Guimet et 
ai, 1989). In this respect there are several evidences that potentiate the claims of canopy 
change under the influence of growth regulators (Nickel, 1982), which bring about a 
desirable modifications in PAR (Mathias et ai, 1989). Grewal and Kolar (1990) in his 
experiment with Brassica jimcea reported that application of CCC (250 and 500 ppm) 
and ethrel (500, 1000 and 1500 ppm) had negative impact on PAR interception. 
2.3.3 Plant growth regulators and nutrient uptake 
Growth regulators have been affiliated with reinforcement of assimilate 
translocation in established sink-source systems (Thomas, 1986; Patrick and Steains, 
1987). Desirable increase in the produce of filed crops was probably due to alteration in 
the trends of assimilate distribution (Ado Quaye et al, 1986; Subrahmanyam, 1988). The 
allocation of newly fixed carbon into different metabolic products influenced the 
partitioning of carbon and growth activity of the whole plant (Champigny, 1985). 
Application of GA3 and lAA to flax (Linum usitatissimum L.) increased P, K and 
calcium accumulation in all plant organs (El-Shourbagy et al 1994). In fact, GA3 
enhanced the release of ions from plant segments (Dela Gaurdia and Benlloch, 1980) and 
from one part of the plant to another (Garcia-Luis and Gaurdiola, 1978). Mulligan and 
Patrick (1979) noted that GA3 application at 10 mg/g elicited optimal transport response 
and stimulated acropetal assimilate transport. A field experiment on pearl millet 
(Petmisetum typhoides) revealed that NAA, lAA and resorcinol significantly increased 
the nitrogen uptake (Rangacharya and Bawankar, 1991). Uptake of nitrogen, phosphorus 
and potassium was found to be enhanced under the spray influence of GA3 in a field 
grown mustard (Khan et al., 1998) and in berseem {Trifolium alexandrium L.) (Agrawal 
et ai, 1994). Induction of nitrogen uptake by CCC treatment was observed in sesamum 
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(Bashist, 1990) and barley (Aslam et al, 1976). In a field trial with mustard, Khan et al. 
(1999) reported that ethrel sprayed plants accumulated higher amount of nitrogen, 
phosphorus and potassium in leaf. 
2.3.4 Plant growth regulators and yield parameters 
2.3.4.1 Pod number 
Spraying of miraculan (a triacontanol based growth stimulant) to rapeseed-
mustard significantly increased the number of pods (Ghosh et al, 1991). The spray 
treatments consisting of NAA (50 ppm, 100 ppm, and 200 ppm), CCC (250 ppm, 500 
ppm and 1000 ppm) and urea (1%, 2% and 4%) enhanced the pod number at all 
treatments except NAA (200 ppm) and CCC (250 ppm) as reported by Vikhe et al. 
(1983). In a field experiments with Brassica napus L., Zhou and Xi (1993) reported that 
foliar sprays of mixtalol increased the podding percentage i.e pod number/plant. Again 
Zhou and Ye (1996) observed the beneficial effect of foliar sprays of uniconazole (10, 25 
and 50 ml/litre) on pod number in Brassica napus L. Crosby et al (1981) and Carlson et 
al (1987) succeeded in raising the pod number in Glycine max plants with 6-benzyl 
aminopurine treatment. Similarly, in a field grown mustard, pod number was found to be 
enhanced with GA3 spray (Khan et al 1997, 1999). But in oilseed rape, Morgan et al 
(1983) who experimented with BA, could not succeed in enhancing the pod number. 
2.3.4.2 Seed number 
Pod number and seed number per pod are determined early after flowering 
(Pechan and Morgan, 1983) and though nutritional factors do play an important role 
(Allen and Morgan, 1972; Tayo and Morgan, 1978), there is evidence that hormones may 
also operate on these yield components. Morgan (1980) showed that seed number per 
pod could be improved with 4-chlorophenoxyacetic acid application, in bean and oilseed 
rape. Further, Inanaga and Kumura (1987) published evidence on oilseed rape showing 
that seed number per pod was essentially dependent on lAA. When Zhou and Xi (1993) 
foliarly sprayed mixtalol on rape, an enhancement in number of seed per pod was 
observed. But conversely to this, Foroutan-Pour et al (1997) claimed that treatment with 
ABA to barley lowered the seed number and increased when plants received GA3, while 
Khan et al (1997, 1998) could not observe any effect of GA3 application on seed number 
per pod in mustard. Similarly, Zhou and Ye (1996) also claimed that seed number per 
pod remain uninfluenced in response to uniconazole apphcation. 
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2.3.4.3 1000 seed weight 
Seed weight of the crops is noticed to be influenced with the application of plant 
growth regulators. Saxena et a/. (1991) found that CCC (2000 ppm) contributes towards 
a large increase in the 1000 seed weight of Sesamum indicum L. Upreti and Yadava 
(1985) in Oat (Avena sativa L.) and Tripathi and Singh (1989) in mustard (Brassica 
juncea L.) reached to the similar conclusion with the foliar spray of CCC. The beneficial 
effect of phosphon-D application on cowpea {Vigna unguiculata L.) with respect to 1000 
seed weight was observed by Jain and Yadava (1981). Similar enhancement was 
achieved with the application of BA (50, and 100 ppm) to sunflower (Goswami and 
Srivastava, 1987) and rice (Ray and Choudhary, 1981). But Ramos et al. (1989) in a 
field trial with barley {Hordeum vulgare L.) failed to observe any increase in 1000 seed 
weight in response to the foliar spray of ethephon. Similarly, Khan et al. (1998) in a field 
grown mustard {Brassica juncea L.) did not found any improvement in 1000 seed weight 
with GA3 spray. 
2.3.4.4 Seed yield 
Improvement in the seed yield of different crops in response to growth substances 
was observed by Gopalakrishnan and Srinivasan (1975), Ries et al. (1977) and Menon 
and Srivastava (1984). These are found to engage in assimilate translocation towards 
reproductive parts of the plants (Pando and Srivastava, 1985; Khan et al, 1996). Foliar 
spray of N-triacontanol to mustard (Ghosh et al, 1991) and NAA to egyption cotton 
(Sawan el al, 1989) brought about an improvement in the seed yield. Differential 
responses of ethephon was observed and several investigatiors reported about the 
beneficial effect on grain yields of winter wheat (Dahnous et al 1982; Leary and 
Oplinger, 1983, Wiersma et al. 1986), while others claimed about reduction with the use 
of ethephon (Nafziger et al., 1986; Simmons et al, 1988). In a field trial with mustard, 
an increase in the seed yield was observed under the spray influence of GA3 (Khan 1997, 
Khan et al, 1997, 1998). Similarly, winter rape (Brassica napus L.) exhibited an 
increase in the seed yield in response to uniconazole (Zhou and Ye, 1996) and mixtalol 
(Zhou and Xi, 1993). Foliar spray of CCC (2000 ppm) produced significantly maximum 
seed yield in Sesamum indicum L. (Tripathi and Singh, 1989; Saxena et al, 1991). But 
contrary to this, application of CCC (Scarisbrick et al, 1982) and Terpal (Chapman et al, 
1983) to oilseed rape could not induce any increase in the seed yield of the crop. 
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2.3.4.5 Biological yield 
A greater biological yield in response to GA3 application on dwarf genotype of 
rice was observed by Yoshida (1981) and Singh (1996). Similar enhancement with GA3 
in the biological yield was also noted by Khan (1997), Khan et al. (1997) and Khan ei al. 
(1998) in mustard. 
2.3.4.6 Harvest index 
In a field trial Saxena et al. (1991) reported that application of CCC (2000 ppm) 
to Sesamum indicum enhanced the harvest index appreciably. Tripathi and Singh (1989) 
working on mustard, reached to the similar conclusions. But Scarisbrick ei al. (1982) 
observed that harvest index remain unaffected with CCC application in oilseed rape 
{Brassica napus L) . In a pot culture experiment on cowpea (Vigna unguiculata L.) Jain 
and Yadava (1981) noticed an increase in the parameters. Exogenous appHcation of GA3 
caused marked reductions in harvest index of rice plants (Samantasinhan and Sahu, 1990; 
Singh, 1996) which was in contradiction with Khan (1997), who failed to record any 
improvement in the harvest index under GA3 spray influence in mustard. 
2.3.4.7 Oil yield 
Remarkable enhancement in the oil yield of winter rape {Brassica napus L.) was 
recorded when uniconazole (Zhou and Ye, 1996) and mixtalol and paclobutrazol (Zhou 
and Xi, 1993) were appUed. Khan (1996) noted an impressive increase in the oil yield of 
mustard in response to ethrel application. The performance of NAA was also found to be 
enhancing the oil yield of the egyption cotton (Sawan et al., 1989). 
2.3.5 Plant growth regulators and quality parameters 
2.3.5.1 Oil content 
Grewal and Kolar (1990) observed that oil content of seeds of Brassica juncea 
remain unahered in response to the CCC (250 and 500 ppm) and ethrel (500 and 1000 
ppm) treatment. Further, Grewal et al. (1993) reached to the similar conclusion with a 
field experiment in Brassica napus L. But oil content of rape (Brassica napus) registered 
a very small increase when mixtalol and paclobutrazol were sprayed (Zhou and Xi, 
1993). Saxena et al. (1991) found that oil content of Sesamum indicum considerably 
influenced with the appHcation of CCC (2000 ppm) and TEBA (50 ppm). Tripathi and 
Singh (1989) in mustard noticed the similar trend in response to bioregulators. But 
Sawan et al. (1989) could find only moderate increase in the oil content when NAA was 
applied to egyptian cotton. When Zhou and Ye (1996) sprayed uniconazole to winter 
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rape (Brassica napus L), the oil content showed no increase. This was in accordance 
with Khan et al (1997) who also failed to observe any change in the oil content of 
mustard under the spray influence of GA3. 
2.3.5.2 Amino acid content 
Pepsci et al. (1993) observed that application of ABA brought about a strong 
enhancement in accumulation of proline in wheat, while in barley such treatment has no 
effect on proline accumulation. In a field trial with triticale, Naylor and Stephen (1993) 
recorded that early application of CCC increased the proportions of aspartic acid, 
histidine and alanine and decreased leucine. Late application has no effect on the 
proportions of histidine, but increased aspartic acid, glutamic acid and leucine. 
2.3.5.3 Protein content 
Plant growth regulators have been implicated in the control of protein allocation 
among plant organs and accumulation in developing cereal grains (Oritant and Yoshida, 
1971). The effect of GA3 on seed protein was observed in the induction of the formation 
of a-amylase in the aleurone layer of barley seeds (Bush et al, 1993). Evidence of ABA 
involvement in protein synthesis and accumulation in seeds is well documented (Crouch 
and Sussex, 1981; Finkelstein et al, 1985). Protein accumulation in soybean embryos 
was partially influenced (Crouch and Sussex, 1981), while Quatrano (1987), 
demonstrated a correlation between ABA and Cruciferine m RNA in oilseed rape. 
Foroutan Pour etal (1997) observed an elevation in grain protein content levels of barley 
in response to the treatment with ABA. An appreciable enhancement in the crude protein 
contents ofSteria anceps was noted when mefluidide (20 and 80 ppm) simazine (20 and 
80 ppm) and ethephon (250 and 500 ppm) were apphed (Carrer et al, 1997). Similar 
enhancement in response to ethephon application in barley seeds was reported by Ma et 
al (1994 a, b). Treatment with CCC (2500 ppm) to Oat {Avena sativa L.) resulted into 
enhancement in the crude protein content (Upreti and Yadava, 1985). But the effect of 
NAA to egyptian cotton was quite intriguing, where it recorded only a marginal 
enhancement in the seed protein (Sawan et al 1989). 
2.4 Mineral nutrition 
No one knows when or where the practice originated of burying a fish beneath the 
spot where a few seeds of com were to be planted, but it was common among North 
American Indians when Columbus discovered America and is evidence that the value of 
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fertilizers was known to primitive peoples. Farm manures were in common use by the 
Romans and have utiHzed almost from the time, animals were first domesticated and 
crops grown. But the origin of plants nutrition as a science can be traced as far back as 
Aristotle. However, the modem scientific study of the effect of mineral nutrients, and the 
usefulness of chemical fertilizers can be ascribed to the work of Boussingoult, Liebig and 
Laws and Gilbert (Russell, 1950). 
By the early twentieth century 10 elements had been identified as essential for 
proper nutrition. These were carbon, hydrogen, and oxygen, which are supplied by 
atmosphere; and nitrogen, potassium, phosphorus, sulphur, magnesium, calcium and iron 
supplied by the soil. The first 40 years of twentieth century witnessed the addition of 
manganese, boron, copper, zinc, molybdenum and chlorine to the list of essential mineral 
nutrients, while very recently Nickel has been added to this list. 
The exclusive requirements of inorganic nutrients in higher plants basically 
distinguishes them from man animals and a number of micro organism which 
additionally need organic compounds. Keeping in view the specific nature of problem of 
thesis the following pages deal with nutrient sulphur, its properties and effect on oil crops 
with special emphasis on mustard. 
2.4.1 SuIphurvX^ 
Sulphur is one of 17 essential elements for plant growth. It is increasingly being 
recognized as the fourth major plant nutrient. Importance of sulphur fertilization is 
growing worldwide as food production increases. Morris (1988) states "Plant nutrients 
sulphur (PNS) is required by plants in amount similar to P and is important to the plant 
for protein formation and other functions. Despite these factors, the growth in fertilizer 
consumption has been essentially in S-free fertilizer, even though high yeilding crops are 
annually removing nearly 5.4 million tonnes of sulphur from soil worldwide". Thus, it is 
necessary to critically examine the situation of S as a fertilizer nutrient. 
Sulphur has variety of vital functions within the plant biochemistry. It is a major 
constituent of amino acids, such as cysteine, cystine and methionine - the building blocks 
of proteins. It is also essential in the formation of enzymes and for maintaining the 
configuration of vitamins such as biotin and thiamine. Sulphur is taken up from the soil 
as sulfate and is stored in the vacuoles or transferred to the chloroplasts, where it is either 
used for the synthesis of sulfolipids and other compound or reduced to sulfide before 
being incorporated into cysteine and other plant constituents (Schmutz and Brunold, 
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1982; Clarkson and Luttge, 1991; Schmidt and Jagger, 1992). Sulphur in reduced form 
plays an important role in plants, being involved in the biosynthesis of primary and 
secondary metabolites and in the synthesis of coenzymes. It also plays an important role 
in plant growth and in the regulation of plant development (Boethe and Trebst, 1981; 
Dodgson et al, 1982; Jakoby and Griffith, 1987; Rennenberg et al, 1990). The main 
storage form of reduced sulphur glutathione serves in the control of thiol-disulfide status 
of the cell as well as in the detoxification of xenobiotics and of products of lipid 
peroxidation generated by active oxygen species (Alscher, 1989). It has also been 
implicated in the adaptation of plants to environmental stresses, such as drought and 
extreme temperatures (Burke et al, 1985; Nieto - Sotelo and Ho, 1986; Wise and Naylor, 
1987) and in the activation of genes involved in pathogen defense responses (Wingate et 
al, 1988;Schung, 1990; Edwards e/a/., 1 9 9 1 ) ^ 
2.4.1.1 Sulphur availability 
Sulphur availability contributes to the over all health of plants. Although most 
soils contain 0.01% to 0.05%, a sufficiently high amount of sulphur (Nriagu, 1978), not 
all soils meet the plant's need for sulphur. To be suitable as a plant nutrient, sulphur not 
only be available in the soil at a proper concentrations but also in the proper form. It is 
predominantly available to the roots in the form of sulfate. Furthermore, the soil must 
contain an internal reservoir from which the seasonal needs for sulphur during growth 
can be met. /^ 
2.4.1.2 Forms of sulphur in soil 
Sulphur is continuously cycled between inorganic and organic forms. Three broad 
fractions of organic S have been identified: 1. Ester sulfate 2.C-bonded S (mainly amino 
acids) and 3. Residual S (Tabatabai, 1982). These transformations in soils is brought 
about primarily by the action of microbes, although chemical processes such as oxidation 
of iron sulphide have also been reported. The major microbial processes which are 
thought to be involved in transformations are mineralization, immobilization, oxidation 
and reduction. These are discussed briefly below: 
2.4.1.2.1 Mineralization 
The mineralization of S in soil refers to the break down of large organic S 
molecules in soil to smaller units and finally to inorganic sulphate, despite many reports, 
the mechanisms of sulphur mineralization in soil are still not known completely (Haque 
and Walmsley, 1972). C-stabilized elements are mineralized as a result of carbon-
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oxidation to provide energy, as is the case with carbon-bonded organic sulphur 
compounds in soils in contrast to elements in ester forms (Saggar et al, 1981). Ester-
sulfate is found to be more transitory than C-bonded S (Freney et al, 1975; McLaren et 
al., 1985). There is a tendency for the initial incorporation of applied S into ester sulfate. 
With time and with further S-cycling, a large portion is redistributed into C-bonded and 
residual S-pools. 
2.4.1.2.2 Immobilization 
This is a process by which micro-organisms convert simple inorganic S-molecules 
to organic compounds and eventual incorporation into humus. Under conditions when 
organic matter is rapidly accumulating considerable amount of sulphate-sulphur may be 
transformed to organic forms./ 
2.4.1.2.3 Oxidation 
The sulphur oxidizing organisms are autotrophic, ubiquitous and capable of very 
rapid oxidation rate in in vitro They belong to the family Thiobacteriaceae, hydrogen 
sulfide, elemental sulphur, thiosulphate and polythionates are oxidized to sulphate by 
various members of the thiobacilli. 
2.4.1.2.4 Reduction. 
The dissimilatory sulphate reduction in soil is brought about by obligate 
anaerobes belonging to sulphur reducing bacteria, Desulphotomaciun and 
Desulphovibrio. These bacteria use sulphate as the terminal electron acceptor in their 
respiratory processes. (Roy and Trudinger, 1970). These all sulphur reducing bacteria 
contain cytochrome, the respiratory pigments, which acts as electron donor in the 
reducing process. They reduce disulphate to sulphide ion through potential inorganic 
intermediate thiosulphate, tetrathionate and colloidal sulphur. 
Sulphate S Dissolution 
Elemental S Oxidation 
Polysulphides (SX) Decomposition Elemental S Oxidation """-"-Cl^X^ Sulphate 
Thio sulphates (S2 O3) Decomposition Elemental S Oxidation 
Organic-S Mineralization 
2.4.1.3 Sulphur cycling 
Sulphur cycling has important implications because cyclic S is a sou. 
crops The most obvious illustration of S cycling is the soil-plant-rain pathway 
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is the major contributor of S for agriculture almost every where. The levels of sulphur 
accruing to soils and crops via wet deposition approaches approximately 0.1 to 0.2 mg 
per litre. Another pathway is the atmosphere-plant-soil route. This is called as dry 
deposition and is important in industrial and residential areas where fossil fuels are 
burned. 
2.4.1.4 Reasons for sulphur deficiency 
Sulphur deficiencies are being reported in ever increasing numbers in crops 
through out the world (Tisdale et al, 1986; Morris 1987; Messick et al, 1992) 
Generally changes in farming practice or changes in the environment have been 
precursors to the development of sulphur deficiency. Morris (1987,1988) hsts the 
changes as follows: 
1. Replacement of fertilizers containing S such as ammonium sulfate and single super 
phosphate, applied nominally to supply nitrogen (N) and phosphorus (P) respectively, 
with higher analysis fertilizers such as urea, and triple super phosphate or reactive 
phosphate rock (RPR) which contain little or no S 
2. More intensive cropping, cropping previously uncropped land, multiple cropping, 
reduced fallowing, increasing yields by irrigation with the attendant likelihood of 
increasing leaching losses, use of higher yielding cultivars or alternative crops, change 
to high S - demanding crops, all results in the removal of greater amounts of S from 
the soil 
3. Use of crop residues for food or fuel in developing countries (Bhuiyan, 1992) 
4. Declining reserves of soil S 
5. Greater control of industriaUzed emissions of S and decreased use of high S fuels such 
as coal (Hoeft, 1980) 
6. Decreased use of pesticides which contain S 
Not all the factors apply in all countries; in Indian context, decreased incidental 
addition of S is a probable reason for its deficiency in the crops (Pasricha and Aulakh, 
1991). An analysis of 1164 soil samples collected from all over India indicated, S 
deficiency to the extent of 41% (Singh, 1991). A study was conducted by Tiwari (1994) 
to access the pattern of deficiency in the soils of Western Uttar Pradesh. The S 
deficiency was most extensive in soil of the district of Hardori (59%) followed by 
Aligarh (41%), Agra (37%), Unnao ( 32%), Kanpur ( 31%), Mainpuri (24%), Hamirpur 
(24%), Farukhabad (19%), Jalaun (18%) and Lalitpur (17%). 
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2.4.1.5 Extent of sulphur deficiency 
Different crops have different demands for sulphur (Duke and Reisenauer, 1986; 
Kanwar and Mudahar, 1986; Tandon, 1991). Cruciferous crops have a very high S 
content (1-1.7 % of dry matter), legumes have intermediate contents ( 0.24 - 0.32 %) as 
do cotton and tobacco, and cereals low contents (0.17 - 0.18 %) (Walker and Booth, 
1992). World v^ide S fertilizer applications have shown little historic growth, since these 
have been primarily a component of multi-nutrient fertilizers where the S value 
recognized. The S requirement has shown steady grovvth since the early 1960s and is 
expected to continue with this trend into the 21^ century. The world plant nutrient 
sulphur deficit is projected to reach 7.5 million toimes annually by 2000 and may 
increase to 10.4 million tonnes by 2010. In Indian context, the estimated S gap during 
1980 was 2.49 million tonnes, 3.11 in 1990 and is expected to be 4.04 million tonnes in 
2000. These data signifies the importance of balanced fertilisation in which S would be 
an essential component. 
2.4.1.6 Consequences of sulphur shortage 
Sulphur availability contributes to the overall health of a plant. In addition to 
reducing plant yield, the deficiency of sulphur adversely affects the quality of crops 
grown for both human and animal consumption. In bread making wheat, the S nutritional 
status is positively correlated with yield and baking and milling quality (Schnug, 1992). 
Furthermore, the fertilisation of S has been shown to influence forage quality through 
increased vitamin A content of alfalfa, increased chlorophyll content of red clover, 
increased protein content and amino acid composition of forages, decreased N:S ratios 
and non-protein N and nitrate (NO3') levels, and reduced the hydrogen cyanide content 
(Tisdale,1977). The NO3" concentration in vegetables and forages has became an 
important criteria for food quality (Schnug, 1990). Nitrogen and S are main constituents 
of proteins; therefore, a shortage in the S supply of crops also affects the utihzation of N 
within plants for the synthesis of proteins. Thus S deficiency may cause an enrichment of 
non-protein N compounds in the plant tissue (Murphy, 1991). In addition to this, the 
contamination of ground water with NO3" is an important factor contributing to pollution. 
A shortage in S supply of crops lowers the utilization of applied fertilizers N, which 
increases the loss of N from agricultural soils through volatilization and leaching. A 
massive loss of N is estimated by Schnug et al. (1993) fi-om rape seed cropping due to 
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insufficient S supply. Tlierefore, the diminishing supply of S to crops has far reaching 
implications and consequences. 
2.5 Crop responses to sulphur 
There is a great pressure to achieve breakthrough in human nutrition by 
introducing new foods into diets by developing new cultivars of staple crops that have 
high protein contents and at the same time produce higher yields. The probability of 
accomplishing either goal on a sustained basis still eluding. But strategic use of 
fertilizers and manures may change the scenario by assuring sustainability. In this 
context the simulated lack of recognition of important plant nutrients like S is to be 
corrected, because, the deficiency of S is a problem and has a potential for becoming 
worse, as exemplified by the studies conducted on sugar, fibre and oil crops (Aulakh and 
Pasricha, 1988; Pasricha et ah, 1987, 1988, 1991; Pasricha and Aulakh, 1991) legume 
forages (Metson, 1973; Pasricha and Randhawa, 1975) grain legumes (Fox et al, 1987; 
Aulakh et al, 1990; Pasricha et al, 1987, 1991) rice (Wang, 1978; Mazid, 1986) com 
(Kang and Osiname, 1976; Pasricha et al, 1977a) coffee (de Freitas et al, 1972) and 
banana (Fox e/a/., 1979). 
2.S.1 Sulphur and growth parameters 
2.5.1.1 Plant height 
Tomar et al (1996) conducted field experiment on Brassica juncea L. to study the 
effect of sulphur application (0, 15, 30 and 45 kg/ha). They noticed an increase in the 
plant height by S levels upto 45 kg/ha at every stage of crop growth except at 30 DAS. 
Khanpara et al (1993) also reported similar resuhs but with 100 kg S/ha as elemental 
sulphur. 
A green house experiment by Hocking et al (1987) established that severe 
sulphur deficiency retarded the plant height considerably in sunflower (Helianthus 
aiinuus L) . Hydroponically grown poinsettia at three levels of nitrogen (64,128 or 256 
ppm) in combination with five levels of sulphur (0, 8, 16, 32 or 64 ppm) affirmed that all 
levels of sulphur considerably increased the plant height (Paparozzi et al, 1994). 
2.5.1.2 Leaf number 
Hocking et al (1987) reported that in a field grown sunflower (Helianthus annuus 
L.) deficiency of sulphur have no impact on number of leaves. This observation was in 
conformity with the work of Hocking and Steer (1982). In contrast to this, Dietz (1989) 
reported that deficiency of sulphur reduces the number of leaves in spinach (Spinacea 
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olaracea L) . Similar decrease in the number of leaves was also noted in mustard 
(Khanpara et al, 1993; Tomar et al, 1996). 
2.5.1.3 Leaf area 
Dietz and Heilos (1990) examined the effect of phosphorus and sulphur nutrition 
on hydroponically grown spinach. They concluded that sulphur deficiency caused a 
reduction in the leaf area with the largest effect on young leaves. However, Chen and 
Huerta (1997), could not find any significant effect of sulphur treatment on leaf area in 
barley (Hordeum vulgare L.). In a field grown yellow sarson (Brassica juncea) leaf area 
was increased with the sulphur treatment of 30 kg S/ha (Sen, 1994), while Hocking et al., 
(1987) observed a 2.5 fold increase in total leaf area when the S supply was changed 
from deficient to adequate in sunflower (Helianthus annuus L.). 
2.5.1.4 Leaf area index 
Application of 100 kg S/ha to mustard {Brassica juncea L.) significantly 
improved the leaf area index (Rathore and Manohar, 1989; Khanpara et al, 1993). While 
Asare and Scarisbrick (1995), in a field grown rapeseed, noted an increase in the LAI 
only when the application of sulphur (0, 40 and 80 kg/ha) was accompanied with nitrogen 
(120 and 240 kg/ha). 
2.5.1.5 Dry weight 
Hocking et al, (1987) examined the effect of sulphur application as Mg SO4 and 
K2 SO4 at the rate of 1, 5, 10, 25, and 75 mg S/L along with nitrogen as Ca (N03)2, 
KNO3 and NH4NO3; 7, 84 and 168 mg N/L corresponding to the severally deficient , 
mildly deficient to more than adequate levels. In severely S stressed plants the dry matter 
production was restricted. Further, decreasing the supply at end of floret initiation 
reduced the plant dry matter by about 17%. In another field study, Kaplan and Orman 
(1998) recorded highest dry matter in sorghum as a result of elemental sulphur 
application (500 and 1000 kg S/ha ). In accordance with this, Hassan and Olson (1966) 
also reported that dry matter of com plant increased with S application. Mc Grath and 
Zhao (1996) reported that sulphur application (0, 10, 20 and 40 kg/ha) as gypsum 
increased dry matter at all the levels of sulphur. But contrary to this, growth chamber 
experiments of canola {Brassica napus L.) and spring wheat {Triticum aestivum L.) by 
Warman and Sampson (1994) have showed that in severely S-deficient soils, application 
of sulphur did not effect dry matter yield. Similar findings was also reported by Bole and 
Pittman (1984). In agreement with this, Chen and Huerta (1997) in experiments with 
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barley {Hordeum Vulgare L.) grown in hydroponic solutions, observed that dry weight 
was not affected by S application. Asare and Scarisbrick (1995) also could not observe 
any influence on dry matter in Brassica napus. Raju (1994) observed that caster 
responded to applied S through increase in dry matter yield with 40 kg S/ha as 
ammonium sulphate. Application of 56 kg S/ha increased the dry matter of wheat and 
sorghum by 38% and 33% respectively while 12% and 7% increase in grain yield of 
sunflower and groundnut was observed (Khilari and Narkhede, 1994). 
2.5.2 Sulphur and photosynthetic parameters 
2.5.2.1 Chlorophyll 
Decline in the chlorophyll content was noted with sulphur deprivation in rapeseed 
(Mengel and Kirkby, 1988; Rennenberg ei al., 1990; Lencioni et al, 1997), but an 
increase in the carotene content was observed (Lencioni et al, 1997). In a field 
experiment with Indian mustard (Brassica juncea L), an increase in the chlorophyll 
content was noted by Khanpara ei al, (1993) with 100 kg S/ha application. Deficiency of 
sulphur brought down the number of chloroplast as noted by Dietz (1989). 
Sugare (1987) recorded an increase in the chlorophyll content of groundnut with 
sulphur application. Similar increase was also noted by Sahu and Singh (1987). Lower 
levels of sulphur minimizes the chlorophyll contents of chlorophyll a and b in tomato (Xu 
ei al, 1996). There have been other reports showing leaf de-colouration by sulphur 
deficiency (Cerdae/a/., 1984, Rennenberg, 1984). Individual and combined applications 
of sulphur at the rate of 40 and 80 mg/kg and iron at the rate of 15 and 20 mg/kg in 
soybean have shown a significant increase in total chlorophyll content (Hemantaranjan 
and Trivedi, 1997). Razeto (1982) and Kalbasi ei al, (1988) have reported that elemental 
sulphur corrects Fe-deficiency and improved the active iron status of plants because iron 
deficiency resultd in limited formation of a amino levulinic acid (ALA), a precursor in 
the chlorophyll biosynthesis and this block is a rate limiting step in chlorophyll synthesis 
(Marsh e/a/., 1963). 
2.5.2.2 Photosynthesis 
Xu et al (1996), in a green house hydroponic system, examined the application of 
sulphur (0.1, 5.2, 10.4 and 20.8 mM) on tomato plants (Lycopersicon esculenium Mill cv. 
Trust) and concluded that lowest sulphate concentration significantly decreased the 
photosynthesis. Low S-treated plants of barley (Hordeum vulgare L.) have shown 
reduced photosynthesis (Ogren, 1988; Chen and Huerta, 1997). While in a study 
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conducted by Dietz and Heilos (1990) found that the photosynthesis of S- starved spinach 
{Spinacea oleracea) remains unaffected irrespective of sulphur levels. In accordance 
with the above findings S application has no impact on photosynthesis in wheat (Legris-
Delaporte e/a/., 1987). 
2.5.3 Uptake of nutrients 
Nutrient concentrations in different plant parts at various stages of crop growth 
indicates its relative requirements, total uptake and distribution. In oilseed crops, like 
mustard, soybean and groundnut, nutrient uptake (N, P, S, Ca and Mg) was increased 
when S was applied (Tiwari, 1994).Castor responded to applied S through increase in S 
uptake at 40 kg S /ha applied as ammonium sulphate. Beneficial effect of the application 
of S at 20Kg/ha on uptake of S was observed in pulse crops such as cowpea, blackgram 
and green gram besides oilseed crop sesamum (Raju, 1994). Enhanced uptake of sulphur 
was observed with 60 kg S/ha in sunflower (Malewar and Ismail, 1994). In a field study, 
Singh (1994) observed that application of S from 20 to 60 kg S/ha enhanced uptake of 
S,N,P and K. Mg uptake increased upto 20 kg S/ha only, whereas Ca uptake remained 
unaffected in mustard. Uptake of nitrogen, potassium, phosphorus and sulphur 
significantly increased with the application of 45 kg S/ha in sunflower (Reddy et al, 
1996). Beneficial effect of sulphur on N,K and S uptake in Brassica was also observed 
by Rathore and Manohar (1989); Khanpara et al. (1993). Hocking et al. (1987) observed 
that in sunflower, concentration of sulphur in all organs increased with increase in S 
supply. Seeds were least responsive to S supply. A similar lack of luxury of 
accumulation of S by seeds has been reported in wheat (Randall et al, 1981) and 
rapeseed (Janzen and Bettany, 1984). But contrary to this, Lakkineni and Abrol (1992) 
found that treatment with sulphur fertilization (60 kg S/ha) enhanced seed S-content in 
rapeseed mustard. Increasing levels of sulphur upto 30 kg S/ha increased S contents and 
uptake in seeds of Brassica juncea (Singh and Singh, 1984; Dubey et al, 1994). In a 
green house experiment, application of sulphur increased the content and uptake of 
sulphur in sesame (Yadav et al, 1996) and in mustard (Narwal et al, 1991). The 
concentration and uptake of S in maize increased with rising levels of S application upto 
40 kg S/ha (Sakal et al, 1994). Total S-content in rapeseed decreased with sulphur-
deprivation (Lencioni et al, 1997). Total uptake of S enhanced with the application of S 
at 40 kg/ha as evident from the studies of Zhao et al, 1993, and Mc-Grath and Zhao, 
1996. The availability of a given nutrient may interact with the uptake of other nutrients 
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and thus making uptake pattern and its concentration more complex (Terman et al, 1977; 
Amoruwa et al, 1987). The concentration of S in plants decreased significantly at N 
rates, probably due to growth dilution effect (Mc-Grath and Zhao 1996). Similar findings 
have also been reported by Walker and Booth, 1992; Zhao et al, 1993b. 
2.5.4 Sulphur and yield parameters 
2.5.4.1 Pod number 
Asare and Scarisbrick (1995) reported that application of sulphur (0,40,80 kg/ha) 
significantly increased the number of pods/plant in a field grown oilseed rape (Brassica 
napus L). Sulphur fertilization was found to enhance the number of pods in mustard as 
observed by Tomar et al (1996) at the rate of 45 kg S/ha. Similar positive effect of S 
was also observed by Khanpara et al (1993), Dubey et al (1993) and Sen (1994) in 
mustard. 
2.5.4.2 Seed number 
Significant increase was recorded in number of seeds/pod with the application of 
sulphur (45 kg/ha) in mustard (Tomar et al, 1996). Similar improvement was observed 
by Khanpara et al (1993) and Dubey et al (1993), while seed number was severely 
reduced by S - deficiency in sunflower (Helianthus annuus L.) (Steer et al, 1984; 
Hocking et al, 1987). But Asare and Scarisbrick (1995) could not fmd any significant 
increase in number of seeds per pod in oilseed rape (Brassica napus L.) 
2.5.4.3 1000 seed weight 
Sen (1994) in a field grown yellow sarson (Brassica) reported an increase in 1000 
seed weight when sulphur was applied at 30 kg/ha. Enhancement in 1000 seed weight 
was also reflected in the studies of Khanpara et al (1993) and Tomar et al (1996) in 
Indian mustard. But the findings of Asare and Scarisbrick (1995) is not in agreement 
with the other studies, and they concluded that application of sulphur (0, 40 and 80 kg/ha) 
has no role to play with seed weight of oil seed rape. 
2.5.4.4 Seed yield 
In S deficient soils, canola plants (Brassica napus) were found to require S 
application to boost the seed yields of the crop (Janzen and Bettany, 1984; Bole and 
Pittman, 1984; Warman and Sampson, 1994). A field experiment by Mahler and Maples 
(1987), revealed that treatment of sulphur increased yield of wheat as compared to 
control. But Feyh and Lamond (1992) reported that S - fertilization had minimal effects 
on wheat grain yield. Large increase in seed yields of oilseed rape ranging from 42-
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267% on a relative scale was obtained in response to the application of 40 kg S/ha by 
McGrath and Zhao (1995). Improvement in the seed yield of sesame was also observed 
when supply of sulphur was adequate (Sharma et a/., 1981; Yadav et al, 1996). In a field 
trial, Lakkineni and Abrol (1992) recorded a significant increase in the seed yield of 
mustard and pod yield of groundnut, when sulphur was applied at 30 and 60 kg/ha 
respectively. Tomar et al (1996), in a field grown mustard observed a significant higher 
seed yield at 45 kg S/ha. The results confirmed the findings of Joshi et al. (1991) and 
Khanpara et al (1993). In a field experiment Avith Indian mustard Dubey et al (1994) 
reported an enhancement in the seed yield of the crop at 30 kg S/ha. Similar observation 
was cited earlier by Singh and Singh (1984) in Indian mustard. Asare and Scarisbrick 
(1995) recorded considerable improvement in the seed yield of oilseed rape {Brassica 
napus L.) when sulphur was applied. Under field conditions, the grain yield of cereals 
increased by 23.9%, of oilseeds by 19.6% and of pulse by 31.1% with 20-40 kg S/ha over 
no S (Singh, 1994). 
2.5.4.5 Oil yield 
Sulphur additions to the oilseed crops resulted into the higher oil yields. In a pot 
culture studies, Adinarayana (1994), recorded a significant enhancement in oil yield of 
groundnut with the supply of sulphur. Supplementation with the sulphur recorded 
maximum increase in oil yield in groundnut, mustard and sesame (Mandal, 1994) and 
castor, sunflower and safflower (Raju, 1994). In a field experiment, increment in the oil 
yield was recorded with the application of sulphur at the rate of 50 kg/ha in Indian 
mustard (Dubey et al, 1994) and in sunflower at the rate of 30 kg/ha (Sahu, 1995). 
2.5.5 Sulphur and quality parameters 
2.5.5.1 Oil content 
Buckman and Brady (1969) observed that the oil content of seeds was positively 
correlated to the supply of sulphur. Being the indispensable constituent of mustard oil, its 
adequate supply promotes synthesis of oil (Aulakh et al, 1980; Singh, 1986; Singh and 
Sahu, 1986; Pasricha et al, 1988 and Ceccotti, 1996). YeUow sarson (Brassica) 
responded to 30 kg S/ha fertilization with the enhancement in its oil content (Sen, 1995). 
An increase was also reported in groundnut, mustard and sesame by Mandal (1994) and 
in castor, sunflower, safflower by Raju (1994). .^pUcation of sulphur at 60 kg/ha 
produced maximum oil content (Malewar and Ismail, 1994). An addition of 40 kg S/ha 
to the oilseed rape significantly increased the oil content (Mc Grath and Zhao, 1996). In 
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a pot experiment, application of 30 mg S/kg soil to sesame (Sesamum indicum L.), 
brought about highest oil content (Pathak and Tripathi, 1979; Yadav et al, 1996). 
Supplementation of Indian mustard (Brassica juncea L.) with 50 kg S/ha enhanced seed 
oil content (Tandon, 1986; Singh and Saran, 1987; Dubey et al., 1994). In accordance 
with these findings improvement in the S - nutrition to the oilseed crops increased oil 
contents in Brassica species (Pasricha ei al., 1988), linseed (Aulakh et al, 1989) and 
soybean (Aulakh et al, 1990). 
But contrary to all these, Lakkineni and Abrol (1992) in their study with field 
grown rapeseed-mustard and groundnut could not find any increase in oil per cent either 
at the rate of 30 kg or 60 kg S supply in both the oilseed species. Similar observations 
under green house experiment was made in sunflower, i.e., oil concentration was not 
affected by the supply of sulphur (Steer et al, 1984; Hocking et al., 1987) and in mustard 
(Kaur et al, 1990). It was inferred that if sulphur has any role in oil biosynthesis, it 
should have been expressed in other oilseeds as well. Therefore, it is incongruous to 
contemplate any specific role for sulphur in oil biosynthesis. 
2.5.5.2 Amino acid content 
Deprivation of sulphur resulted into decrease in cysteine and methionine as 
reported for lupins (Blagrove et al, 1976), peas (Randall ei al, 1979) wheat (Wrigley ei 
al, 1980), barley (Schewrye/a/., 1983) andrapeseed (Finlaysonef a/., 1970). Increasing 
levels of sulphur application increased the S containing amino acids (methionine, cystine 
and cysteine) upto 50 ppm but decreased with the application of 200 ppm S to Brassica 
juncea L. (Somany, 1989). Deficiency of sulphur leads to an increase in the arginine 
content by 34% whereas cysteine and methionine contents decreased by 30 and 33% 
respectively in sunflower (Hocking ei al, 1987). 
2.5.5.3 Protein content 
Somany ei al (1989), conducted a green house experiment to study the effect of 
sulphur application (0, 5, 10, 25, 50 and 200 ppm S) on Brassica juncea. They noted that 
protein content was increased with increasing levels of sulphur upto 200 ppm. In a field 
trial Brassica juncea responded by increasing its protein content with the application of 
sulphur at 50 kg/ha (Tandon, 1986; Singh and Saran, 1987; Dubey et al, 1994). In 
sunflower, enhanced protein content was obtained when sulphur was applied at 60 kg/ha 
(Singh, 1986; Malewar and Ismail, 1994). In oil seed crops of sesamum, sunflower and 
safflower, application of sulphur at the rate of 30 kg/ha increased the protein content 
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(Raju, 1994). Similar trend was also observed by Mandal (1994) in mustard, soybean 
and groundnut in response to sulphur application. 
2.5.5.4 Fatty acid 
Fatty acid in plants are synthesized mainly in the plastid (Harwood, 1988). The 
first committed step of fatty acid biosynthesis is catalyzed by acetly-Co A carboxylase to 
create malonyl Co-A (Slabas and HeUyer,1985), a sulphur mediated enzyme to maintain 
sulfhydryl group. Among different fatty acids, three fatty acids viz. oleic, linoleic and 
linolenic acids are essential fatty acids and have to be provided through diet (Applequist, 
1972). An investigation with Brassica juncea revealed that application of 20 kg S/ha 
caused large decrease in the percentage of stearic, oleic and linoleic acid and a resultant 
increase in the content of linolenic acid (Pasricha et al, 1988). Similar increases in the 
linolenic and linoleic acids were observed with the increasing doses of sulphur (Zhao et 
ai, 1991) in oilseed rape. Transformation of carbohydrates is influenced by sulphur 
nutrition (Yadav and Singh, 1970) and affects the accumulation of oil (Mendham and 
Scott, 1975). 
2.5.5.5 Acidity of oil and iodine number 
Singh (1995) reported that application of 60 kg S/ha to mustard increased the 
acidity of oil from 1.5 to 1.9%. The iodine number of oil decreased from 104.8 to 103.0. 
2.6 Crop responses to plant growth regulators and nutrients 
Plant respond to environmental perturbations with a wide range of physiological 
and developmental adjustments. Adaptive changes to variations in nutrient availability 
represents an important group of these metabolic responses, which often constitute the 
most stringent factors limiting plant distributions and productivity (Clarkson and Luttge, 
1991). There are many instances which suggest that nutrients and grwoth regulators can 
interact in a variety of ways. Deficient and toxic levels of nutrients can affect the 
concentrations of specific hormones, and in turn, hormones have the capacity to direct the 
translocation and accumulation of nutrients in plants (Kuiper, 1988; Kuiper et al, 1989). 
Actually, the nutritional status of a plant in common with other environmental factors 
which influence its metabolism and grov^^h can affect the synthesis and distribution of 
growth substances (Haru et al, 1982; Green, 1983). Contradictory reports was observed 
about the influence of growth regulators on absorption and transport of ions either 
directly, because of some interaction with membranes (Lea and Collins, 1979) or 
indirectly through effects on metabolism. Considering the complex interactions of plant 
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hormones and the multiplicity of plant functions they control, the impact of nutrients on 
hormones is an important issue (Whenham et al, 1989; Thorsteinsson and Eliasson 1990; 
Arshad and Frankenberger, 1991; Cao et al, 1993). 
2.6.1 Interaction efiect on growth parameters 
Growth of the plant was found to be influenced by the interaction of hormones 
and nutrients. Alvim (1960) reported that plant height of kidney bean (Phaseolus 
vulgaris L.) responded positively when urea was sprayed along with GA3 spray, while 
urea alone was prohibitive. Enhancement with the application of GA3 and K was 
observed in sunflower (Dela Gaurdia and Benlloch, 1980), but the relative response to the 
GA3 treatment decreased with increasing K levels (Erdei and Dhakal, 1986). Retardation 
in the plant height of gobhi saraon {Brassica napus L.) by the foliar spray of CCC and 
ethrel at all the levels of nitrogen was noted and the reduction was more pronounced in 
the absence of nitrogen (Grewal et al, 1993). The flower number of different crops was 
found to be positively responsive towards exogenous application of growth substances 
(Morgan et al, 1983; Friends, 1985). It was observed that treatment with kinetin along 
with phosphorus enhanced the flower number of tomato (Lycopersicon esculentum. Mill), 
while marked decrease was noted in phosphorus deficient plants. Grewal and Gill (1986) 
reported that in a field grown paddy (Oryza sativa L), leaf area index of the crop 
increased with the foliar spray of NAA (100 and 200 mg/1) and nitrogen (0, 60, 90 and 
120 kg N/ha), while again Grewal et al (1993) noted that in a field grown Brassica napus 
L. foliar spray of CCC (250 and 500 ppm) and ethrel (500, 1000 and 1500 ppm), in 
absence of N application considerably reduced the leaf area index of the crop. At 50 kg 
N/ha, 250 ppm CCC and 500 ppm ethrel the crop retained more LAI, whereas at 100 kg 
N/ha, 500 ppm CCC and 1000 ppm ethrel proved to be more beneficial. The findings are 
in close conformity with Bangal et al (1982) and Singh et al (1987). A stimulative 
effect of GA3 sprays was found for total dry weight, while urea did not show any effect 
on this (Alvim, 1960), in Phaseolus vulgaris. Ethrel spray (400 or 600 ppm) along with 
basal (45 or 60 kg/ha) and foliar application (0 or 10 kg/ha) of N increased leaf area 
index and dry mass of mustard (Khan, 1996). Similar enhancement in leaf area index and 
dry mass of mustard was noted with GA3 and N interaction in mustard (Khan et al, 
1996) 
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2.6.2 Interaction effect on photosynthetic parameters 
2.6.2.1 Chlorophyll content 
Chlorophyll content of plants was observed to be invariably influenced with the 
application of growth substances and supplementation of nutrients. When Palmer and 
phillips (1963) applied lAA with nitrogen, an increase in the chlorophyll content of 
sunflower {Helianthus antmus L.) was noted. In 1991, Meyappan et al. noticed that 
combined application of NAA + Borax increased the total chlorophyll content ofArachis 
hypogea L. Grewal and Gill (1986) recorded an increase in chlorophyll content of paddy 
(Oryza sativa L.) in response to foliar application of NAA with nitrogen. Further Grewal 
et al, (1993) observed that chlorophyll content in Brassica napus was significantly 
improved when CCC (250 and 500 ppm) and ethrel (500 ppm) was applied in 
combination with 50 and 100 kg N/ha. But conversely to this, Bashist (1988) recorded a 
prohibitive effect of GA3 application along with nitrate on chlorophyll content of 
sesamum (Sesamum indicum L.) 
2.6.2.2 Photosynthesis 
Positive trend in photosynthetic activity of the groundnut was recorded in 
response to NAA and Borax application (Meyappan et al., 1991). While exposure of 
sesamum seedlings to CCC and nitrate increased the photosynthetic activity (Bashist, 
1990). Grewal et al (1993) observed indirect evidence of improved photosynthetic 
activities by enhancing chlorophyll content and retaining higher LAI with nitrogen (50 
and 100 kg/ha), spray of CCC (250 and 500 ppm) and ethrel (500 ppm). Interaction of 
GA3 with N was found to enhance photosynthesis in mustard (Khan et al, 1996). Ethrel 
spray (200 ppm) with N levels (0, 40, 80 and 120 kg/ha) showed positive effect on 
photosynthetic rate upto 80 kg N/ha in mustard (Khan et al, 1999). 
1.6.1.^ Photosynthetically active radiation 
In a field grown paddy {Oryza sativa L.), Grewal and Gill (1986) observed that 
foliar application of NAA and nitrogen significantly enhanced the photosynthetically 
active radiation. Grewal and Kolar (1990) noted that increase in N (0, 50 and 100 kg/ha) 
helped the crop canopy to trap more radiation. CCC at 250 or 500 ppm and ethrel at 500 
ppm further improved the radiation interception. However, in the absence of N 
application, all growth regulators treatment had negative effects on PAR interception of 
Brassica juncea L., further Grewal et al (1993) reached to similar conclusion while 
working with Brassica napus L. 
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2.6.3 Interaction effect on nutrient uptake 
Bostrack and Struckmeyer (1964) reported a negative trend in the uptake of 
potassium, when plants of soybean (Glycine max) grown with nitrogen (70, 210 and 630 
mg/1) potassium (117.8, 235.6 and 1178 mg/1) and phosphorus (16, 32 and 160 mg/1) was 
sprayed with 50 mg/1 GA3. In addition to this, kinetin induced preferential uptake of 
phosphorus, reported in com (Zea mays) leaves by MuUer and Leopold (1966). When 
Kannan and Mathew (1968) exposed bean (Phaseolus vulgaris) and maize (Zea mays L.) 
with GA3 and TIBA (lO'^M), CCC (5X10"'M), kinetin and AMO-1618 (lO^^M), 
differential pattern in the transport of iron was recorded. Iron translocation was found to 
be more affected by Alar than by GA3 or CCC. Bashist (1988) noted that gibberellic acid 
treatment markedly inhibited nitrate uptake in sesamum. Contradictory reports of 
translocation of potassium was noted, when Erdei and Dhakal (1988) treated winter 
wheat to different potassium status (0.01 to 10 mM) and phytohormones (NAA, BA, 
GA3, ABA and ethrel). In low K^ plants, GA3, ethylene and ABA stimulated K* uptake. 
NAA and BA inhibited K^ uptake. In high K^ plants, the effects of GA3, ethylene and 
ABA were similar to that in low K^ plants. However, BA and NAA had opposite effects 
stimulating the K^ uptake. A positive response of foliar spray of growth regulators 
(NAA, lAA and Resorcinol) on nitrogen uptake in pearl millet (Pennisetum typhoides) 
was noticed by Rangacharya and Bawankar (1991). In sunflower (Helianthus animus 
L), Reddy et al. (1996) found improvement in the uptake of nitrogen, phosphorus, 
potassium and sulphur with increasing levels of sulphur (0, 15, 30 and 45 kg/ha) and 
benzyladenine (0, 20, 40 and 60 ppm). In Brassica juncea increase in N uptake and NR 
activity has been reported (Khan et al, 1996) with GA3 and N appUcation and k uptake 
with ethrel and N application (Khan et al, 1999). 
2.6.4 Interaction effects on yield parameters 
Foliar spray of growth regulators (2-4-D, Atrataf, NAA and CCC) and urea at the 
time of flowering affected the grain weight per plant in Cicer arientum L. Significant 
increase was observed in seed yield with the combined application of NAA (25 ppm) and 
urea (1%) (Bangal et al, 1982). In a field experiment, Zhukov and Reutov (1985) noted 
that complex application of calculated rates of fertilizers, 2-4-D and CCC resulted in an 
increase in grain yield of winter wheat (Triticum aestivum L.). The beneficial effect of 
foliar spray of NAA on the grain yield of paddy (Oryza sativa L.) under low level of N (0 
and 60 kg/ha) was reported by Grewal and Gill (1986). This improvement was 
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associated with increase in the number of ear-bearing shoots/plants, number of filled 
gnuns/panicle and grain weight. Sawan et al. (1988) observed an enhancement in the 
seed yield of cotton {Gossypium barbadense L.) with the combined application of growth 
regulators (lAA, IB A and NAA) and increasing levels of N (72, 144 or 216 kg/ha) and 
phosphorus (36 or 72 kg PjOs/ha). Oil percentage was found to be influenced with the 
application of growth regulators and high P level, and followed an upward trend. In 
accordance with this, Uppar and Kulkarni (1989) were also able to produce highest seed 
yield of sunflower (Helianthus annuus L.), when nitrogen (120 kg/ha) was applied in 
combination with TIB A (250 ppm). Ramos et al. (1989) reported that, an early 
application of sulphur with foliar spray of ethephon on spring barley (Hordeum vulgare 
L.) brought about a remarkable enhancement in the grain yield, without modifying the 
1000 grain weight. In a field trials, Rangacharya and Bawankar (1991) noticed an 
increase in the grain yield of pearl millet (Pennisetum typhoides) with the appUcation of 
NAA along with N (60 kg/ha) and P (30 kg/ha) application. Bergmann and Eckert (1990) 
concluded that sufficient nitrogen supply was an essential requirement for increasing the 
yield of rye and barley by mono ethanolamine (EA). A marked improvement in the grain 
yield of Brassica napus L. was observed when nitrogen was available at the rate of 50 
kg/ha along with foliar spray of CCC (250 ppm) and ethrel (1500 ppm). The combined 
effect of growth regulators and nitrogen could not change the oil content. But application 
of nitrogen enhanced oil content significantly (Grewal et al, 1993). Significant increase 
in yield attributing parameters and seed yield has also been reported fi"om author's 
laboratory in mustard crop. Ethrel spray along with N increased pod number, seed 
number, 1000 seed weight, seed yield and oil yield under irrigated conditions (Khan, 
1996) and under unirrigated conditions (Khan et al, 1999). Similarly, GA3 with N 
showed enhancement in yield (Khan et al, 1996) and GA3 and N and P registered 
increase in yield and its attributing parameters (Khan et al, 1997). 
2.6.5 Interaction effect on quality parameters 
In an experiment on mustard (Brassica juncea L.) interaction effect on GA3 and 
basal N and P levels on fatty acid composition was found non significant (Khan et al, 
1997). 
2.7 Concluding remarks 
The forgoing review clearly established that plant growth regulators are potent 
chemicals for enhancing performance of many crops. They exhibit pronounced 
33 
interaction effect with nutrient. However, the information regarding the interaction effect 
of plant growth regulators wath sulphur is meager. The work on the interaction effect of 
gibberellic acid and sulphur, seems to be neglected particularly in mustard, where it have 
better options. Therefore an in depth study on the physiological response of mustard to 
GA3 and sulphur application is highly desirable. The research work reported in the 
subsequent chapters is related to this aspect in order to fill the existing lacunae in our 
understanding of GA3 and sulphur interaction in augmenting the performance of the 
mustard. 
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CHAPTER-3 
MATERIAL AND METHODS 
The comprehensive details of material used and techniques adopted during the 
course of the present investigation are presented in this chapter. 
3.1 Experimental material 
The term rapeseed is used to cover sarson, toria and taramira, whereas the term 
mustard refers only to 'rai'. Seeds of mustard (Brassica juncea L. Czem & Coss.) var. 
Varuna was used as an experimental material as for the last decade this variety has been 
found best suited for the local agro climatic conditions (Khan 1996, Khan ei al. 1996; 
Khan e/a/. 1997, 1998). 
Seed material of the above variety was obtained from Indian Agricultural 
Research Institute, New Delhi, India. 
3.1.1 Nomenclature 
There exists great confusion about the proper nomenclature of Indian oleiferous 
Brassicae. In order to avoid the confusion, these are divided into four groups: 
1. Brown mustard, commonly called rai (raya or laha)- Brassica juncea (L.) 
Czem & Coss. 
2. Sarson (i) Yellow sarson - Brassica campestris L. var. Sarson Prain. 
(ii) Brown sarson - Brassica campestris L. var. dichoioma Watt. 
3. Toria (lahi or maghi lahi) Brassica campestris L. var. toria Duth. 
4. Taramira or tara {Eruca sativa Mill.) 
In addition, there are two other species, namely Brassica nigra Koch. (Banarasi 
rai) and Brassica juncea var. rugosa (Pahadi rai) which do not fall under any of the four 
groups, and are grown to a limited extent. 
3.1.2 Botanical description 
Rape and mustard include annul herbs. Roots, in general, are long and tapering. 
Toria is more or less a surface feeder but brown sarson has long roots, with a hmited 
lateral spread, enabling its successful cultivation under drier conditions. Yellow sarson 
has both extensive and lateral spread. The height of the stem varies form 0.45 m (in 
some varieties of toria) to 1.90 m (in yellow sarson). In toria and brown sarson, the 
branches arise at on angle of 30° to 40°. In yellow sarson, the branches arise laterally at 
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an angle of about 10° to 20° and give the plant a narrow and pyramidal shape. The 
inflorescence is a corymbose raceme. In the case of yellow sarson, the four petals are 
spread apart, whereas in brown sarson and toria, the petals overlap or may be placed 
apart, depending upon the variety. The flowers bear a hypogynous syncarpous ovary. In 
brown sarson and toria, the ovary is bicarpellary, whereas in the case of yellow sarson, it 
may also be tri-or tetra-carpeillary. 
The fruit is a siliqua. The pods are two valved, three valved or four valved, 
depending upon the number of carpels in the ovary. The flowers begins to open from 8 
a.m. and continue upto 12 noon. 
3.2 Experimental site 
Four field experiments were conducted at the Experimental Farm of Aligarh 
Muslim University, Aligarh, India. 
3.3. Agro-climatic conditions 
3.3.1. Topography 
Aligarh has an area of 5,024 sq.kms and is situated at 27°52' N latitude, 78°5r E 
longitude and 187.45m ahitude above sea level. 
3.3.2 Climate 
It has a semiarid and subtropical weather with severest hot dry summers and 
intense cold winters. 
3.3.3 Temperature 
The winter stretches fi"om middle of the October till end of the March. A gradual 
decrease in the temperature in December and January, reaching as low as 15°C and 13°C, 
and lowest recorded for any single day is 2°C and 0.5°C respectively. The summer 
season extends from April to the end of June. In this season, a gradual increase in 
temperature is recorded, which attains its zenith, sometime, in the month of June upto 
46°C (Fig. 2). 
3.3.4 Rainfall 
The mean annual rainfall is about 847.3 mm. More than 85% of the total 
downpour is delivered during a short span of four months from June to September. The 
remaining rain drops are received during winter. Winter showers are very useful for rabi 
crops. But they are sometimes accompanied with high wind velocity and hailstorm (Fig. 
3). 
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3.4 Meteorological inputs 
The meteorological data for the present study were documented at the 
Meteorological Observatory, Department of Physics, Aligarh Muslim University, 
Aligarh, India (Fig. 4). 
3.5 Soil characteristics 
Arbitrary samples of soil were collected from various chosen spots, upto depth of 
15 cms, spread over the entire experimental field before sowing of the experimental crops 
and analyzed for physico-chemical characteristics of the soil. Data obtained on chemical 
characteristics and physical constant for soil are presented in Table 1. 
3.6 Cultural operations 
The field experiments were laid out in randomized block design with three 
replications for each treatments. The individual plot size was lOm^ (2m x5m). 
3.6.1 Preparatory tillage 
Prior to each trial, diligent ploughing of fields was done to turn the soil for 
maximum aeration and weed eradication. The plots were made with proper bunds along 
with necessary irrigation channels and then irrigated lightly before sowing to maintain 
proper moisture in the sub-surface of the soil. 
3.6.2 Sowing 
The seeds were sown by the usual behind the plough method at the rate of 10 
kg/ha. Rows were separated by a distance of 30 cms while the plants in the row were 15 
cms apart. 
3.6.3 Thinning 
After the estabhshment of the crop i.e. after 12 days of sowing seedlings were 
thinned to maintain the uniformity (approximately 22 plants/m^) of the plant population. 
3.6.4 Crop protection 
In order to check the aphid contagion if any, insecticidal spray of Dimecron-100 
was done. Hand weeding was done twice during the entire crop season to keep the 
experimental field free of weeds. 
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3.6.5 Irrigation 
Crop was irrigated prior to sowing and subsequently, when ever found essential. 
There were two irrigations during the entire growth period of the crop. 
3.6.6 Harvesting and threshing 
Plants were harvested by cutting at the ground level and were allowed for sun 
drying. After sun drying, threshing was done. Seeds were cleared and collected for seed 
yield. 
3.7 Fertilizer application 
Homogenous broadcasting of 80 kg N, 30 kg P and 30 kg K/ha was applied to the 
soil at the time of leveling of the individual plot. The source of nutrients were urea, 
single super phosphate (SSP) and muriate of potash (MOP) in Experiments 1 and 2. In 
Experiments 3 and 4 the source were urea (for N), diammonium phosphate (DAP) (for N 
and P) and muriate of potash (MOP) (for potash). The experiments where diammonium 
phosphate was used for supplementing N and P, the ammount of nitrogen supplied 
through urea was balanced to accommodate the requisite dose. In the last two 
experiments, sulphur was also used and source was elemental sulphur. The amount of the 
nutrients applied is described under individual experimental heading. 
3.8 Experimentation 
3.8.1 Experiment 1 
This field experiment was performed according to factorial randomized block 
design during 'rabV season of 1995-96. The aim of this experiment was to establish the 
most suitable duration for soaking of mustard (Brassica juncea L.) var. Varuna seeds in 
gibberellic acid (GA3). The seeds were soaked in solutions of 0, 10"^  , 10"^  and IC^M 
GA3 for 8 and 12 h. The scheme of the treatments is given in the Table 2 and ANOVA in 
Table 2a. 
A uniform basal dose of 80 kg N/ha, 30 kg P/ha and 30 kg K/ha was applied as 
urea, single super phosphate and muriate of potash to the soil prior to sowing. The size 
of each plot was lOm^ (2m x5m). The seeds were sown by the usual behind the plough 
method at the rate of 10 kg/ha. Each treatment was replicated thrice. Irrigation was done 
twice during the entire growing season of the crop. Spray of an insecticide (Dimecron-
100) was done to check aphid contagion, if any. 
At 20 days interval, i.e 40,60, 80, 100 and 120 DAS, five plants fi-om each plot 
were taken out with the help of hand hoe and various growth characteristics (Section 
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Table 2: Scheme of treatments for Experiment 1 (1995-96) 
Soaking duration 
(h) 
8 
12 
0 
+ 
+ 
GAa (Concentrations M) 
10^ 10* 
+ + 
+ + 
10^ 
+ 
+ 
Crop : Mustard (Brassicajuncea L. Czem & Coss.) 
Treatment : Pre-sowing soaking for 8 and 12 h 
Design : Factorial randomized block design 
Fertilizer application : Basal application of N (80 kg/ha) as urea, P (30 kg/ha) as single 
super phosphate and K (30 kg/ha) as muriate of potash 
Table 2a: Model of analysis of variance (ANOVA) of Experiment 1 (factorial randomised 
block design) 
Source of variation D.F. S.S. IVl.S.S. Fcal 
Replication 
Seed soaking 
Concentration 
Interaction 
Error 
Total 
2 
1 
3 
3 
14 
23 
3.10), N P K content and their accumulation (Section 3.12.1-3.12.3) were recorded. Crop 
growth rate (CGR), relative growth rate (RGR) and net assimilation rate (NAR) were 
calculated at 0-40, 40-60, 60-80, 80-100 and 100-120 days intervals. Physiological 
parameters (Section 3.11) were studied at 40, 60, 80 and 100 DAS. At harvest yield 
attributes (Section 3.13) and quality parameters (Section 3.14) were registered. 
3.8.2 Experiment 2 
This field experiment was conducted according to factorial randomized block 
design during rabi season of 1995-96, simultaneously with Experiment 1. The aim of this 
experiment was to ascertain the effect of single foliar spray of 0, 10 ,10"', 10"^ M GA3 
at 40 and 60 DAS, or double spray in equal doses of 0, 10"'^ 10''°, 10"^ M GA3 both at 40 
and 60 DAS. 
The scheme of the treatments is summarized in the Table 3 and ANOVA is given 
in Table 3a . GA3 was sprayed at the rate of 600 lit/ha together with 0.5% teepol (a 
surfactant). In control set, equal amount of de-ionized water with 0.5% teepol was 
sprayed simultaneously with the treatment. 
A uniform basal dose of 80 kg N, 30 kg P, and 30 kg K/ha as urea, single super 
phosphate and muriate of potash was applied to the soil at the time of sowing. The size 
of each plot was 10 m^ (2m x5m). The seeds were sown by the usual behind the plough 
method at the rate of 10 kg/ha. Each treatment was replicated thrice. Irrigation was done 
twice during the entire growing period of the crop. Spray of an insecticide (Dimecron-
100) was done to check aphid infection, if any. 
At 20 days interval, i.e. 40, 60, 80, 100 and 120 DAS, five plants from each plot 
was sampled by employing hand hoe and various growth characteristics (Section 3.10) 
including crop growth rate (CGR), relative growth (RGR) and net assimilation rate and 
NPK content and its accumulation (3.12.1-3.12.3) were recorded. Physiological 
parameters (Section 3.11) observed at 40, 60, 80 and 100 DAS. At harvest (120 DAS) 
yield attributes (3.13) and quality parameters (section 3.14) were studied. 
3.8.3 Experiment 3 
This experiment was conducted according to factorial randomized block design 
during 'rabi' season (1996-97) and was based on the findings of Experiment 1 i.e. the 
best soaking hour (8 h). The aim of this experiment was to assess the effect of soaking of 
mustard seeds in 0, 10"^ 10"^ and 10"^ M GA3 for 8 h along with levels of basally applied 
sulphur (0, 25, 50, 75 and 100 kg S/ha) (as elemental sulphur) and to determine their 
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Table 3. Scheme of treatments for Experiment 2 (1995-96) 
Spray 
Treatment 
0 
40 
10'' 10* 
Spray stages (days after sowing ) 
60 
lO:^  0 lO** 10* 10^ 0 
40 + 60 
1 0 " 1 0 " 10^ 
Water 
(control) 
GA3 
+ 
+ + + + + 
Crop : Mustard {Brassica juncea L. Czem & Coss.) 
Treatment : Spray at 40, 60 and 40 + 60 days after sowing 
Design : Factorial randomized block design 
Fertilizer application : Basal application of N (80 kg/ha) as urea, P (30 kg/ha) as single 
super phosphate and K (30 kg/ha) as muriate of potash 
Table3a: Model of analysis of variance (ANOVA) of Experiment 2 (factorial randomised 
block design) 
Source of variation 
Replication 
Spray stage 
Concentration 
Interaction 
Error 
Total 
D.F. 
2 
2 
3 
6 
22 
35 
S.S. M.S.S. Fcal 
optimum combination for growth, yield and quality performance of mustard var. Varuna. 
In control set seeds were soaked in de-ionized water. The treatments are summarized in 
Table 4 and ANOVA is given in Table 4a. 
A uniform basal application of 80 kg N, 30 kg P and 30 kg K/ha was applied to 
the soil at the time of sowing. But the calibrated amount of sulphur was applied to the 
soil, 20 to 25 days before sowing. The details of other agricultural practices, i.e. 
preparation of field, size of plots, sowing method, seed rate, irrigation and pest control 
measures were same as described in Experiment!. 
Sampling was done at 40, 60, 80 100 and 120 days after sowing to assess growth 
performance, NPK and S content and its accumulation in the crop. In addition to this, 
chlorophyll content, rate of photosynthesis and photosynthetically active radiation were 
also measured. Yield and quality characteristics were studied at harvest. 
3.8.4 Experiment 4 
This experiment was carried out simultaneously with Experiment 3 in the 'rabi' 
season of 1996-97 and were based on the findings of Experiment 2 i.e best growth stage 
for GA3 spray (40 d after sowing). The aim of this factorial randomized experiment was 
to study the influence of GA3 spray at 40 d after sowing (proved suitable in Experiment 
2) on mustard var. Varuna grown with five levels of basally applied elemental sulphur (0, 
25, 50, 75 and 100kg S/ha). Spray of 600 lit/ha either of 0, 10"^ , 10'^ 10"*M GA3 or de-
ionized water was done together with 0.5% teepol. The effect was assessed in terms of 
growth characteristics including CGR, RGR, NAR, NPK and S content and their 
accumulation, rate of photosynthesis, chlorophyll content and photosynthetically active 
radiation. Yield and quality parameters was recorded as in Experiment 1. The summary 
of the treatments is given in Table 5 and ANOVA in Table 5a. 
All agricultural procedures including plot size, sowing method, seed rate, 
irrigation and pest control measures were same as mentioned in Experiment 3. 
3.9 Biometric observation 
The observations were carried out at 20 days interval from 40 days after sowing 
(DAS) till harvest (120 DAS). There were total five samplings, i.e at 40, 60, 80, 100 and 
120 DAS. Five plants from each plot were cut at the soil level at various sampling stages 
for analysis of different growth parameters using suitable covenant and NPK and 
(Experiment 3 and Experiment 4) concentrations and their accumulation in plants. In 
addition to this, chlorophyll content, rate of photosynthesis and photosynthetically active 
40 
Table 4. Scheme of treatments for Experiment 3 (1996-97) 
Soaking 
treatment 
Water (control) 
GAj (molar) 
0 
10^ 
10^ 
10^ 
0 
+ 
+ 
+ 
+ 
+ 
Amount of applied'. 
25 
+ 
+ 
+ 
+ 
+ 
50 
+ 
+ 
+ 
+ 
+ 
sulphur (ke/ha) 
75 
+ 
+ 
+ 
+ 
+ 
100 
+ 
+ 
+ 
+ 
+ 
Crop : Mustard (Brassica juncea L. Czern & Coss.) 
Treatment : Pre-sowing soaking for 8 h 
Design : Factorial randomized block design 
Fertilizer application ; Basal application of N (80 kg/ha) as urea, P (30 kg/ha) as di-
ammoniam phosphate for (N and P), K (30 kg/ha) as muriate of 
potash and sulphur as elemental sulphur 
Table 4a: Model of analysis of variance (ANOVA) of Experiment 3 (factorial randomised 
block design) 
Source of variation D.F. S.S. M.S.S. Fcal 
Replication 
GAs Concentration 
Sulphur levels 
Interaction 
Error 
Total 
2 
3 
4 
12 
38 
59 
Table 5. Scheme of treatments for Experiment 4 (1996-97) 
Spray 
treatment 
Water (control) 
GA3 (molar) 
0 
10^ 
10* 
10^ 
0 
+ 
+ 
+ 
+ 
+ 
Amount of 
25 
+ 
+ 
+ 
+ 
+ 
applied 1 
50 
+ 
+ 
+ 
+ 
+ 
sulphur (ks^a) 
75 
+ 
+ 
+ 
+ 
+ 
100 
+ 
+ 
+ 
+ 
• + 
Crop 
Treatment 
Design 
Fertilizer application 
Mustard {Brassica juncea L. Czem & Coss.) 
GA3 spray at 40 DAS 
Factorial Randomized Block Design 
: Basal application of N (80 kg/ha) as urea, P (30 kg/ha) as di-
ammoniam phosphate for (N and P), K (30 kg/ha) as muriate of 
potash and sulphur as elemental sulphur 
Table 5a: Model of analysis of variance (ANOVA) of Experiment 4 (factorial randomised 
block design) 
Source of variation D.F. S.S. jVl*t3*i^* Fcal 
Replication 
GA3 Concentration 
Sulphur levels 
Interaction 
Error 
Total 
2 
3 
4 
12 
38 
59 
radiation (PAR) was also measured. At harvest (120 DAS), twenty five plants, 
equivalent to Im^ land area were removed to record the yield attributes. 
3.10 Growth parameters 
The following growth characteristics were studied at 40, 60, 80, 100 and 120 days 
after sowing. 
1. Plant height 
2. Plant dry weight 
3. Dry weight of different plant parts 
(i) Leaf dry weight 
(ii) Stem dry weight 
(iii) Pod dry weight 
4. Per cent distribution of dry weight 
(i) Leaf 
(ii) Stem 
(iii) Pod 
5. Leaf area 
6. Specific leaf area 
7. Specific leaf weight 
8. Crop growth rate 
9. Relative growth rate 
10. Net assimilation rate 
3.10.1 Dry matter 
Plants collected were washed well with tap water and rinsed with de-ionized 
water. These sampled plants were divided into different parts, like leaf, stem and pod 
corresponding to different sampling stages, and were dried in hot air oven at 80°C for two 
days. The dried material were weighed on physical balance and weight was recorded as 
dry weight. 
3.10.2 Leaf area 
Leaf area was ascertained by gravimetric method. The leaf area of few leaves 
from each treatment was determined by tracing on graph sheet and dry weight for these 
leaves were recorded. The leaf area/plant was computed by using leaf dry weight/plant 
and the dry weight of those leaves for which the area was estimated using the following 
formula: 
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LAi X W2 
LA= 
W, 
LAi = Leaf area of the leaves traced on graph paper 
Wi = Dry weight of the leaves for which area was traced on graph paper 
W2 = Total leaf dry weight/plant 
3.10.3 Specific leaf weight 
It is the measurement of allocation of leaf dry weight per leaf area. It was 
calculated by dividing the leaf dry weight by leaf area. 
LeafWeight 
SLW= 
Leaf Area 
3.10.4 Specific leaf area 
This parameter represents the leaf area per amount of leaf biomass. This was 
calculated by dividing the leaf area by leaf dry weight. 
Leaf Area 
SLA= 
LeafWeight 
3.10.5 Crop growth rate 
Dry matter accumulation per plant per unit of time is expressed as crop growth 
rate (CGR). It was calculated by using formula suggested by Watson (1952). 
dw 
CGR= 
dt 
Here, dw = Differences in dry weight /plant in a given time 
dt = Time interval 
3.10. 6 Relative growth rate 
Relative growth rate (RGR) was calculated according to the formula given by 
Radford (1967). 
In W2 - In Wi 
RGR= 
t2-tl 
i.e. RGR = 2.303 (log,o W2 - log,o Wi)/t2 - 1 , 
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Here, wi = Dry weight of plant at growth stage I 
W2 = Dry weight of plant at growth stage II 
ti = Days to sampling at groAvth stage I 
t2 = Days to sampling at growth stage n 
3.10.7 Net assimilation rate 
It was calculated using the formula given by Milthorpe and Moorby (1979). 
W2 - Wi In L2 - hi Li 
NAR= X 
t2 - ti L2 - Li 
W2-W, 2.303(logioL2-log,oLi) 
i.e. NAR= X 
t2 - ti L2 - Li 
Here, wi = Dry weight/plant at growth stage I 
W2 = Dry weight/plant at growth stage II 
t] = Days to sampling at growth stage I 
t2 = Days to sampling at growth stage n 
Li = Leaf area/plant at growth stage I 
L2 = Leaf area/plant at growth stage n 
3.11 Physiological parameters 
Following physiological parameters were studied at different sampling stages i.e 
at 40, 60, 80 and 100 DAS. 
1. Chlorophyll content 
2. Rate of photosynthesis 
3. Photosynthetically active radiation (PAR) 
3.11.1 Chlorophyll content 
Estimation of chlorophyll a, b and total chlorophyll was done by the DMSO (di 
methyl sulphoxide) method of Hiscox and Israelstam (1979). The details are described as 
follows: 
3.11.1,1 Extraction 
Freshly plucked leaves (lOOmg) were slashed into the pieces and collected in test 
tubes containing 7.0 ml DMSO. The test tubes were covered with black paper and 
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incubated at 65°C for 40 minutes. The reaction mixture was transferred to a graduated 
tube and the final volume was made upto 10.0 ml with DMSO. 
3.11.1.2 Chlorophyll estimation 
Three ml sample of chlorophyll extract was transferred to a cuvette and the absorbency 
was taken at 645 and 663nm on Spectrophotometer (Spectronic 20 D, Milton Roy, USA). 
3.11.1.3 Calculation of chlorophyll content 
Chlorophyll content was calculated following the equation given by Arnon (1949) 
Chlorophyll a = ((12.7 x ODees) - (2.69 x OD645)) x (V/100 x W) 
Chlorophyll b = ((22.9 x OD645) - (4.68 x ODees)) x (V/100 x W) 
Where, V = Volume of the extract 
W = Weight of the tissue taken 
3.11.2 Rate of photosynthesis 
The rate of photosynthesis was measured in fully expanded leaf of plant using the 
LICOR-6200, portable photosynthesis system (Nebraska, USA) with Ca = 0.33 nrniol 
CO2 mol"' (330nl/L), taking care to use leaves of the same age for both control and the 
treated plants. Each observation were replicated twice for control and treated plants and 
representative data were recorded. All the measurements were made on cloudless clear 
days between 11.00 and 13.00 solar time. 
3.11.3 Photosynthetically active radiation 
Penetration of photosynthetically active radiation (PAR) was measured with 
photometer at the top of the crop canopy and at the soil surface. The interception of PAR 
by the crop canopy was calculated according to the formula-
PAR above crop canopy - PAR at soil surface 
Interception of PAR (%) = x 100 
PAR above crop canopy 
3.12 Biochemical analysis 
Dried plant materials collected at different sampling stages were used for the 
estimation of NPK and S content and its accumulation. The details of the estimation 
procedures are as follows: 
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3.12.1 NPK and S Content 
3.12.1.1 Digestion of plant samples for N P and K content 
100 mg of the oven dried powder from each replicate was transferred to a 50 ml 
Kjeldahl flask to which 2 ml of sulphuric acid was added. The contents of the flask was 
heated on temperature controlled assembly for about 2 h to allow complete reduction of 
nitrates present in the plant material by the organic matter itself As a result, the contents 
of the flask was turned black. After cooling the flask for about 15 minutes, 0.5ml of 30% 
H2O2 was added drop by drop and the solution was heated again till the colour turns from 
black to light yellow. Again after cooling for 30 minutes an additional 3-4 drops of 30% 
H2O2 was added, followed by heating for another 15 minutes. The process was repeated 
till the contents of the flask turned colourless. The peroxide digested material was 
transferred from Kjeldahl flask to 100 ml volumetric flask with three washings of double 
distilled water (DDW). The volume of the flask was made up to the mark with DDW. 
This peroxide digested material was used for the estimation of N, P and K content. 
3.12.1.2 Estimation of nitrogen 
Nitrogen was estimated according to Lindner (1944). A 10 ml aliquot of the 
digested material was taken in a 50 ml volumetric flask. To this, 2 ml of 2.5N NaOH and 
1 ml of 10% NaSi02 solution was added which neutralizes excess of acid and prevent 
turbidity. The volume of the solution was made upto the mark with the distilled water. 
In a 10ml graduated test tube, 5 ml of this solution was taken and 0.5 ml of Nessler's 
reagent was added. The final volume was made up with distilled water. The content of 
the tube was allowed to stand for 5 minutes for maximum colour development. Then the 
solution was transferred to a colorimetric tube and optical density (O.D) was read at 525 
nm with the help of Spectrophotometer (Spectronic 20 D, Milton Roy, USA). 
3.12.1.2.1 Standard curve for nitrogen 
50 mg ammonium sulphate was dissolved in 1 litre DDW. From this solution, 
0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 ml was pipetted to ten different test tubes. 
The solution in each test tube was diluted to 5 ml with DDW. In each test tube 0.5 ml 
Nessler's reagent was added. After 5 minutes, the optical density was read at 525nm on 
Spectrophotometer (Spectronic 20 D, Mihon Roy, USA). A blank was run with each set 
of determination. Standard curve was plotted using different concentrations of 
ammonium sulphate solution versus optical density (O.D.) and with the help of this 
standard curve the amount of nitrogen present in the sample was determined. 
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3.12.1.3 Estimation of phosphorus 
The method of Fiske and Subba Rao (1925) was used to estimate the total 
phosphorus in the digested material. 5 ml aliquots was taken in a 10 ml graduated test 
tube and 1 ml of molybdic acid (2.5% ammonium molybdate in ION sulphuric acid) was 
carefully added, followed by the addition of 0.4 ml of l-amino-2-naphthol-4-sulphonic 
acid. Addition of this, turned the colour of the content blue. Volume was made upto 10 
ml with DDW. The solution was shaken for five minutes and subsequently transferred to 
a colorimetirc tube. The optical density was read at 620 rmi on Spectrophotometer 
(Spectronic 20 D, Milton Roy, USA). A blank was also used simultaneously. 
3.12.1.3.1 Standard curve for phosphorus 
351 mg of potassium dihydrogen orthophosphate was dissolved in sufficient 
DDW to which 10 ml of ION H2SO4 was added and the final volume was made to 1000 
ml with DDW. From this solution, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 ml was 
taken in ten different test tubes. The solution in each test tube was diluted to 5 ml with 
DDW. In each tube, 1 ml of molybdic acid and 0.4 ml l-amino-2-naphthol-4-sulphonic 
acid was added. After 5 minutes optical density was read at 620 nm on 
Spectrophotometer. A blank was run with each set of determination. 
Standard curve was plotted using different dilutions of potassium dihydrogen 
orthophosphate solution versus optical density. With the help of the standard curve, the 
amount of phosphorus present in the sample was determined. 
3.12.1.4 Estimation of potassium 
Potassium was estimated with the help of flame photometer. A 10ml aliquot was 
taken and it was read by using the filter for potassium. A blank was also run side by side 
with each set of determination. The readings were compared with a calibration curve 
plotted using known dilutions of a standard potassium chloride solution. 
3.12.1.4.1 Standard curve for potassium 
1.91 g of potassium chloride was dissolved in 100 ml DDW, of which 1ml 
solution was diluted to 1000 ml. The resulting solution was of 10 ppm potassium. From 
this, 1,2,3,4,5,6,7,8,9, and 10 ml solution was transferred to 10 vials separately. The 
solution in each vial was diluted to 10 ml with DDW. The diluted solution of each vial 
was run separately. A blank was also run with each set of determination. Standard curve 
was prepared using different dilution of potassium chloride solutions versus reading on 
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the scale of galvanometer. The amount of potassium present in sample was determined 
with the help of standard curve. 
3.12.1.5 Estimation of sulphur 
Total sulphur in plant samples was estimated according to turbidometric method 
of Chesnin and Yien (1950). 
3.12.1.5.1 Digestion 
100 mg finely ground samples dried at 80°C was taken in digestion tubes of 75 ml 
capacity. 4 ml of acid mixture and 0.0075 g of selenium dioxide as catalyst was added in 
each digestion tube. The acid mixture consisted of concentrated nitric acid and perchloric 
acid in the ratio of 1:1. The digestion was carried out till the digested solution became 
colourless. Subsequent to digestion, the volume was made upto 75 ml with DDW. The 
interference of silica was checked by filtering the contents of the tubes. 
3.12.1.5.2 Determination of sulphur 
5 ml aliquot was pipetted out from the digested solutions for turbidity 
development in 25 ml volumetric flasks. Turbidity was developed by adding 2.5 ml gum 
acacia (0.25%) solution, Ig barium chloride (BaCl2, Sieved through 40-60 mesh) and the 
volume was made up to the mark, with double distilled water. Contents of 25ml 
volumetric flasks were thoroughly shaken till BaCb was completely dissolved. Turbidity 
was allowed to develop for two minutes. The value were recorded at 415 nm with 
Spectrophotometer within ten minutes, after the turbidity development. A blank was also 
run simultaneously after each set of determination. 
3.12.2 NPK and S uptake 
Nitrogen, phosphorus, potassium and sulphur content of plant at different 
sampling stages and their respective dry matter at these stages were used (as a product) to 
calculate the NPK and S uptake. 
3.13 Yield attributes 
Following parameters which contributed for the final produce was recorded, at 
harvest: 
1. Number of pods/plant 
2. Number of seeds/pod 
3. 1000 seed weight 
4. Seed yield 
5. Biological yield 
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6. Harvest index 
7. Oil yield 
3.13.1 Number of pods/plant 
At harvest, 25 plants from each treatment equivalent to 1 m^ land area were 
removed. The pods were collected and counted. 
3.13.2 Number of seeds/pod 
The number of seeds of 25 pods from each treatment was counted. 
3.13.3 1000 seed weight 
From the produce of the plot, 1000 seeds were randomly drawn and the weight 
was recorded. 
3.13.4 Seed Yield 
The total seed from one meter square area of the plot was cleaned and weighed to 
compute the seed yield. 
3.13.5 Biological yield 
Total biological yield from one meter square plot area was recorded from sun 
dried samples before threshing. 
3.13.6 Harvest index 
Harvest index was computed by dividing the economic yield (seed yield) by 
biological yield and expressed in percentage. 
Seed Yield 
Harvest Index (%) = x 100 
Biological yield 
3.13.7 Oil yield 
The per cent oil content when multiplied with seed yield gave the oil yield. 
3.14 Quality characteristics 
The seed samples was crushed to get a fine meal for extracting the oil after 
separating them from extraneous material. The oil was analysed for following quality 
parameters: 
1. Oil content 
2. Acid value 
3. Iodine value 
4. Saponification value 
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3.14.1 Determination of oil content 
25 g of ground seeds meal was transferred to a soxhlet apparatus and sufficient 
quantity of petroleum ether was added. The apparatus was kept on a hot water bath 
running at 60°C for about 6 h for complete extraction of the oil. The petroleum ether 
from the extracted oil was evaporated after some time. The extracted oil was expressed 
as a percentage by mass of the seeds and was calculated with following formula: 
mo 
Oil content (%) = x 100 
ms 
Here, mo = Sum of the mass of oil 
ms = Seed sample mass 
3.14.2 Determination of acid value 
The acid value of oil is the amount of potassium hydroxide spend to neutralize 
free acid in one gram of oil. It was determined by the following method (Anonymous, 
1970). 
2 g of oil was dissolved in 50 ml solvent mixture of 95% alcohol and diethyl ether 
(1:1) in a 250 ml conical flask. Titration was carried out with 0. IN potassium hydroxide 
phenolphthalein as an indicator and the amount of ml 'a' of 0.1 N KOH, required was 
noted. The acid value was noted by the following formula: 
'a' X 0.005661 x 1000 
Acid value = 
W 
Here, a = ml of 0.1 N KOH used in titration 
W = Weight of oil 
3.14.3 Determination of iodine value 
The iodine value of an oil is the number of g of iodine absorbed by 100 g of oil 
and expressed as the weight of iodine. It was determined by using iodine monochloride 
method describe below (Anonymous, 1970). 
Two grams of oil was taken in a dry ground neck flask to which 10 ml carbon 
tetrachloride and 20 ml iodine monochloride solution was added. The flask was 
stoppered and was allowed to stand in a dark place for about 30 minutes. After 30 
minutes, 15 ml potassium iodide solution and 100 ml DDW was poured into it with 
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propCT shaking Titration was carried out with O.IN sodium thiosulphate (Naa S2O3) 
solution using starch solution as an indicator. Number of ml 'a' of sodium thiosulphate 
used was noted. For blank, similar operation was put into practice without the oil and the 
number of ml 'b' of 0. IN sodium thiosulphate solution used was noted. Iodine value was 
calculated by the following formula (Anonymous, 1970): 
(b-a) X 0.01269 x 100 
Iodine value = — 
W 
Here, a= number of ml of O.IN Na2S203 solution used in the sample 
b = number of ml of 0. IN Na2 S2O3 solution used in blank 
W = Weight of oil 
3.14.4 Determination of saponification value 
The saponification value of oil is the amount of mg of potassium hydroxide 
consumed by Ig of the oil to neutralize the fatty acid resulting from complete hydrolysis. 
2g oil was taken in a 250 ml conical flask to which 25 ml 0.5N KOH solution was added. 
The flask was attached with reflux condenser and heated on water bath for about Ih with 
frequent rotation of the contents of the flasks. After cooling, 1ml phenolphthalein 
solution was added. The excess of alkali was titrated with 0.5N hydrochloride solution 
and the number of ml of'a' was noted. For blank, the operation was repeated in the same 
manner omitting the oil and the number of ml 'b' required was noted. Saponification 
value was calculated by the following formula: 
(b-a) X 0.02805 x 1000 
Saponification value = 
W 
Here, a = number of ml of 0.5N HCl used in sample 
b = number of ml of 0.5N HCl used in blank 
W = Weight of oil. 
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CHAPTER-4 
RESULTS 
4.1 Experiment 1 
This experiment was carried out to find out the best soaking time (8 h or 12 h) of 
seeds of mustard {Brassica juncea L.) var. Varuna in aqueous solutions of GA3 
concentrations (0, 10"^ , 10'^  and lO''* M) on the performance of the crop. Growth 
characteristics such as plant height, plant dry weight, dry weight of different plant parts 
(leaf stem and pod dry weight), per cent distribution of dry weight among leaf, stem and 
pods leaf area, specific leaf area, specific leaf weight, and N, P, K content and their 
uptake were noted at 40, 60, 80, 100 and 120 DAS, but pod dry weight and per cent pod 
dry weight distribution were recorded at 80 (pod - initiation) 100 (pod - fill) and 120 (pod 
- maturation) DAS. Crop growth rate, relative growth rate and net assimilation rate were 
calculated for 0-40. 40-60, 60-80, 80-100 and 100-120 days intervals. Photosynthetic 
parameters like, chlorophyll content, rate of photosynthesis and photosynthetically active 
radiation, were noticed at 40, 60, 80 and 100 DAS. Yield parameters like pod 
number/plant, seed number/pod, 1000 seed weight, seed yield, biological yield, harvest 
index and oil yield and quality parameters like, oil content, acid value, iodine value and 
saponification value were recorded at harvest. The details of the results are given below 
(Tables 6-31). 
4.1.1 Growth parameters 
4.1.1.1 Plant height 
Plant height significantly responded to the various concentrations of GA3 at every 
growth stages, while effect of soaking time and their interaction with GA3 was non 
significant (Table 6). 
All concentrations of GA3 were equally effective at all sampling days, where 10" 
^M GA3 at 40 and 80 DAS and 10"*M GA3 at 60, 100 and 120 DAS gave maximum 
value. Significantly lowest value was recorded for water-soaking treatment at all 
samplings. 
4.1.1.1 Plant dry weight 
Effect of soaking time was significant at 40 and 60 DAS. Effect of GA3 
concentration was significant at all samplings stages. Interaction between soaking time 
and GA3 concentrations was non significant (Table 7). 
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At 40 and 60 DAS, significantly highest value was obtained for longer duration of 
soaking i.e. 12 h which significantly differed from 8 h soaking time which recorded 
lowest values at these stages. 
All concentrations of GA3 gave statistically equal values at every growth stage, 
where 10"^  M GA3 soaking at 40 and 80 DAS, 10"*M at 60 and 100 DAS and 10"' MGA3 
at final stage of sampling recorded maximum value. Significantly lowest value was 
noted for water-soaking control treatment. 
4.1.1.3 Dry weight of plant parts 
4.1.1.3.1 Leaf dry weight 
Effect of soaking time was significant at 40, 60 and 120 DAS, while effect of GA3 
concentrations was significant at all samplings. The interaction between GA3 and 
soaking time was found to be non significant (Table 8). 
Leaf dry weight of 12 h soaking was significantly maximum at 40, 60 and 120 
DAS, than 8 h soaking. 
All concentrations of GA3 were statistically equal at every sampling stages. 
Soaking in lO^ ^M GA3 at 40 and 120 DAS, 10"*M GA3 at 60 and 100 DAS and 10"'M 
GA3 at 80 DAS recorded maximum value. Significantly lowest value was noted in water 
soaking treatment. 
4.1.1.3.2 Stem dry weight 
Effect of soaking time was significant at 40 and 100 DAS. Effect of 
concentrations of GA3 soaking was significant at all sampling days, while interaction 
effect was non significant (Table 9). 
Stem dry weight was recorded significantly maximum in 12 h soaking at 40 DAS, 
which significantly differed from 8 h soaking, while reverse was true for 100 DAS, where 
8h soaking gave highest value and 12 h the lowest. 
All concentrations of GA3 were statistically equal at every sampling days. GA3 
soaking at 10"* M at 40, 60 and 80 DAS and 10"' M at 100 and 120 DAS gave highest 
value. Significantly minimum value was given by water-soaked control treatment. 
4.1.1.3.3 Pod dry weight 
Soaking concentration of GA3 was significant at 80, 100 and 120 DAS. Effect of 
soaking time and interaction between soaking time and GA3 concentrations was non 
significant (Table 10). 
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Identical response was observed for all concentrations of GA3 at 80, 100 and 120 
DAS, and at these sampling days, I O ' M GA3 gave maximum value. Significantly lowest 
value was recorded for water-soaking control treatment. 
4.1.1.4 Per cent distribution of dry weights 
4.1.1.4.1 Leaf 
Effect of soaking time was significant at 100 and 120 DAS, while effect of 
concentrations of GA3 and interaction were non-significant (Table 11). 
Soaking duration of 12 h recorded significantly highest value at 100 and 120 DAS 
and differed fi"om 8 h of soaking which gave the lowest value. 
4.1.1.4.2 Stem 
Effect of GA3 concentrations and interaction between soaking time and 
concentrations of soaking was non significant. Soaking time had significant impact on 
per cent distribution of dry weight towards stem at 100 DAS sampling (Table 12). 
Soaking for 8 h gave higher value than 12 h soaking which recorded for lower 
value at 100 DAS. 
4.1.1.4.3 Pod 
Effect of soaking concentrations of GA3 was significant at 80 and 100 DAS, while 
soaking time and its interaction with GA3 concentrations was non significant (Table 13). 
Soaking in concentrations of 10"* M GA3 at 80 DAS and lO'^ M at 100 DAS gave 
maximum value for pod dry weight, however, all concentrations of GA3 were equal in 
effect. Significantly lowest value was obtained for water-soaking control. 
4.1.1.5 Leaf area 
Effect of soaking time was non significant. Soaking in concentrations of GA3 was 
significant at 40, 60, 80 and 120 DAS. Interaction effect was non significant (Table 14). 
At initial and final stage of samplings lO'^ M GA3 gave highest value but values 
recorded for lO'^ M GA3 at 60 DAS and 10"^ M GA3 at 80 DAS were maximum. 
However, all concentrations of GA3 were statistically equal with each other at 40, 60 
and 80 DAS, while at 120 DAS, 10"^  M GA3 was equal in effect with that for 10"' M 
GA3. Significantly lowest value was registered for water soaking control at 40, 60 and 80 
DAS, but at 120 DAS, its minimum value was at par with that for 10"^  M GA3 
concentrations. 
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4.1.1.6 Specific leaf area 
Effect of soaking time was significant only at 100 DAS, but soaking 
concentrations of GA3 significantly influenced the specific leaf area at 40, 60 and 80 
DAS. Interaction effect was non significant (Table 15). 
A deviation from the earlier trend was observed for the effect of soaking time on 
specific leaf area where 8 h soaking gave significantly maximum value and differed from 
12 h soaking which recorded the lowest. 
Soaking in water recorded significantly highest value at 40 and 80 DAS, but at 60 
DAS, it registered highest and was equal in effect with that of 10'^  M GA3 concentration. 
However, all concentrations of GA3 were statistically equal at 40, 60 and 80 DAS. The 
values obtained for lO'^ M at 40 and 60 DAS and 10"^  M GA3 at 80 DAS were minimum. 
4.1.1.7 Specific leaf weight 
Specific leaf weight was significantly influenced with soaking time only at 100 
DAS, while effect of soaking concentrations of GA3 was significant at 40, 60 and 80 
DAS. Interaction between soaking time and GA3 concentration was found to be non 
significant (Table 16). 
Soaking for 12 h gave significantly maximum value and lowest value was 
recorded for 8 h soaking. 
A reversal of the effect was observed for GA3 concentrations on specific leaf 
weight to that of specific leaf area. Thus maximum value was registered in 10"^  M GA3 
at 40 and 60 DAS but at 80 DAS, 10"' M GA3 gave highest value. However, all 
concentrations of GA3 were equal in effect at these sampling days. Significantly lowest 
value was recorded for water-soaking control treatment at 40 and 80 DAS while at 60 
DAS, it gave the lowest and statistically equal value with 10"' M GA3 treatment. 
4.1.1.8 Crop growth rate 
• Crop growth rate was significantly reciprocated towards soaking time between 0-
40, 80-100 and 100-120 days intervals. Soaking concentrations of GA3 had significant 
impact at 0-40 and 60-80 DAS. But interaction between soaking time and GA3 
concentrations was non significant (Table 17). 
Soaking for 12 h gave significantly maximum value between initial (0-40 DAS) 
and final (100-120 DAS) time intervals, and between these time intervals, 8 h of soaking 
recorded lowest value. Between 80-100 DAS, significantly maximum and minimum 
values were registered for 12 h and 8 h of soaking respectively. 
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All concentrations of GA3 were equal in effect between 0-40 and 60-80 DAS, 
while 10"^  M GA3 between 0-40 DAS and 10"^  M GA3 between 60-80 DAS gave highest 
value, but during these time intervals, significantly lowest value was noted for water 
soaking control. 
4.1.1.9 Relative growth rate 
Relative growth rate significantly responded towards soaking time between 80-
100 and 100-120 days intervals. Effect of soaking concentrations of GA3 was significant 
between 0-40 and 40-60 days intervals. Interaction effect was non significant between all 
sampling intervals (Table 18). 
Significantly maximum value was obtained for 8 h of soaking between 80-100 
DAS, while opposite was true between 100-120 DAS, where 12 h of soaking gave 
highest value. Between 80-100 DAS, and 100-120 DAS, 12 h and 8 h of soaking 
recorded lowest value respectively. 
All concentrations of GA3 were equal in effect between 0-40 and 40-60 days 
intervals. Soaking concentrations of 10"* M GA3 gave highest value while significantly 
lowest value was registered for water soaking control treatment between 0-40 DAS. But, 
interestingly, between 40-60 DAS, a reversal to that of 0-40 DAS was observed for the 
concentrations effect, where water soaking control and 10"^  M GA3 gave maximum and 
minimum values respectively. 
4.1.1.10 Net assimilation rate 
Effect of soaking time was significant between 80-100 and 100-120 DAS. 
Concentration effect of GA3 was significant for 0-40 DAS only. Interaction between 
soaking time and GA3 concentrations was non significant (Table 19). 
Net assimilation rate recorded significantly maximum value in 8 h soaking at 80-
100 DAS, which significantly differed form 12 h soaking, while opposite was witnessed 
for 100-120 DAS, where 12 h soaking gave highest value and 8 hthe lowest. 
All soaking concentrations of GA3 were equal in effect with each other, although 
gave highest value at 0-40 DAS, while significantly lowest value was obtained for 
water soaking control treatment. 
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4.1.2 Photosynthetic parameters 
4.1.2.1 Chlorophyll content 
Effect of soaking concentrations of GA3 was significant at 40, 60, 80 and 100 
DAS. But impact of soaking time and its interaction with GA3 concentration was non 
significant (Table 20). 
Soaking concentrations at 10"Vl GA3 at 40 and 60 DAS and lO'^ M GA3 at 80 and 
100 DAS recorded maximum values for chlorophyll content, although all concentrations 
of GA3 which was used for the treatments were equal in effect. Significantly lowest 
value was obtained for water-soaking control. 
4.1.2.2 Rate of photosynthesis 
Rate of photosynthesis significantly reciprocated towards soaking concentrations 
of GA3 at 40, 60, 80 and 100 DAS. Effect of soaking time and interaction between 
soaking time and soaking concentrations remained non significant (Table 21). 
There was no difference in response elicited by various soaking concentrations, 
infact, rate of photosynthesis almost similarly responded to all concentrations of GA3. 
Soaking concentrations of GA3 at 10"'M at 40 DAS, lO'^ M at 60 and 100 DAS and lO'V 
at 80 DAS gave maximum value. Significantly minimum value was obtained for water 
soaked control treatment. 
4.1.2.3 Photosynthetically active radiation 
Effect of soaking time was non significant, while soaking concentrations of GA3 
was significant at 40, 60, 80 and 100 DAS. Interaction effect was found to be non 
significant (Table 22). 
All soaking concentrations of GA3 were equally effective at 40, 80 and 100 DAS 
but maximum values of PAR were registered for 10"^ M GA3 at 40 and 100 DAS for 10" 
' M GA3 at 80 DAS. At 60 DAS significantly highest value was noted for lO'^ M GA3 . 
At all sampling stages significantly minimum value was recorded for water soaking 
control treatment. 
4.1.3 Biochemical parameters 
4.1.3.1 Nitrogen content 
Content of nitrogen was influenced with soaking concentrations of GA3 at 120 
DAS only while soaking time and its interaction with soaking concentrations remained 
non significant (Table 23). 
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At 120 DAS maximum value was noted for lO'^ M GA3 which was equal in effect 
with that for 10"*M GA3 concentrations, while, water soaked control gave lowest value 
and was at par with 10"*M GA3 at this stage. 
4.1.3.2 Phosphorus content 
Effect of soaking concentrations was significant only at 120 DAS. Effect of 
soaking time and interaction effect was non significant (Table 24). 
The effect of soaking concentrations of GA3 was found to be very interesting for 
phosphorus content where any two adjacent concentrations were equal in effect with each 
other, when treatments were arranged in descending order. Hence, highest and lowest 
value was recorded for 10"^ M GA3 and water soaking control respectively. 
4.1.3.3 Potassium content 
Potassium content was significantly influenced by soaking concentrations of GA3 
at 100 and 120 DAS. But effect of soaking time and its interaction with soaking 
concentrations remained non significant (Table 25). 
At 100 DAS, the impact of soaking concentrations was spill over to its lower and 
higher concentrations, where lO'^ M GA3 and water soaked control treatments gave 
maximum and minimum values. At 120 DAS, lO'^ M GA3 gave highest value and was at 
par with that for 10"^ M GA3 concentration, while lowest value was registered in water 
soaked control treatments, which was statistically equal with lO'^ M GA3 concentration. 
4.1.3.4 Nitrogen uptake 
Nitrogen uptake was significantly influenced by soaking time at 40, 60 and 80 
DAS. Effect of GA3 concentrations was significant at all sampling stages. Interaction 
between soaking time and soaking concentrations of GA3 was non significant (Table 26). 
Soaking for 12 h gave significantly highest value at 40, 60 and 80 DAS, while at 
these stages 8 h of soaking registered lowest values. 
Soaking concentrations of 10"^ M GA3 recorded maximum value at all samplings, 
but at 40 and 60 DAS, 10"^ M GA3 was equal in effect with that of 10'' M GA3 and 10"*M 
GA3 concentrations separately. But at 80, 100 and 120 DAS, all concentrations of GA3 
were statistically equal. Significantly lowest value was noted for water soaked control 
treatments. 
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4.1.3.5 Phosphorus uptake 
Effect of soaking time was significant at 40 and 60 DAS, but effect of soaking 
concentrations of GA3 was significant at all samplings. Interaction effect was non 
significant (Table 27). 
Longer duration of soaking (12 h) elicited maximum response at 40 and 60 DAS 
therefore, significantly highest values were obtained for 12 h of soaking, while 8 h of 
soaking gave significantly lowest value at these stages. 
Soaking concentrations of 10"^ GA3 gave maximum value at every sampling 
stage but all concentrations of soaking were equal in effect while significantly lowest 
value was given by water soaked control treatments at these sages. 
4.1.3.6 Potassium uptake 
Effect of soaking time was significant at 40 and 60 DAS, but uptake of potassium 
was significantly affected by soaking concentrations of GA3 at all samplings. Interaction 
effect was significant at 40 and 60 DAS only (Table 28). 
Soaking for 12 h gave significantly maximum value at 40 and 60 DAS, but values 
obtained for 8 h of soaking were significantly minimum. 
At every sampling days soaking concentration of 10 M GA3 gave maximum 
value while water soaked control recorded significantly minimum value at these stages. 
All GA3 soaking concentrations were equal in effect with each other at 60, 80, 100 and 
120 DAS, but at 40 DAS, 10"^ M GA3 was statistically equal with that of lO'^ M GA3 and 
lO'^ M GA3. 
4.1.4 Yield parameters 
4.1.4.1 Number of pods/plant 
Number of pods/plant was significantly influenced with soaking concentrations of 
GA3, while soaking time and its interaction with soaking concentrations remained non 
significant (Table 29). 
All soaking concentrations of GA3 were equally effective, where lO'^ M GA3 gave 
maximum value for number of pods/plant. Significantly minimum value was registered 
for water soaked control. 
4.1.4.2 Number of seeds/pod 
Neither the duration of soaking nor the soaking concentrations of GA3 or their 
interactions had any impact on number of seeds/per pod (Table 29). 
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4.1.4.3 1000 seed weight 
Results on 1000 seed weight were non significant (Table 29). 
4.1.4.4 Seed yield 
Soaking concentrations of GA3 significantly influenced the seed yield. Effect of 
soaking time and its interaction with soaking concentrations remained non significant 
(Table 30). 
Soaking concentration of 10"^ M GA3 gave maximum value but all concentrations 
of GA3 were equal in effect. The value obtained for water soaked control was 
significantly minimum. 
4.1.4.5 Biological yield 
Significant response for biological yield was noted when soaking was done in 
different concentrations of GA3. But effect of soaking time and its interaction with 
soaking concentrations remained non significant (Table 30). 
All concentrations of GA3 were statistically equal where lO'^ M GA3 gave 
maximum value, but value obtained for water soaking control treatment was significantly 
minimum. 
4.1.4.6 Harvest index 
Effect of soaking time, soaking concentrations and their interaction was non 
significant (Table 30). 
4.1.4.7 Oil yield 
Oil yield had significantly responded towards various concentrations of GA3 
soaking. But effect of soaking time and interaction between soaking time and GA3 
concentrations was non significant (Table 30) 
All concentrations of GA3 were equal in effect for oil yield, but maximum value 
was recorded for 10' M GA3 concentration. Significantly lowest value was recorded for 
water soaking control treatment. 
4.1.5 Quality parameters 
4.1.5.1 Oil content 
Content of oil in seeds remaine uninfluenced with soaking time, soaking 
concentrations and of their interactions (Table 31). 
4.1.5.2 Acid value 
Results obtained for acid value were non significant (Table 31) 
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4.1.5.3 Iodine value 
Results obtained for iodine value were non significant (Table 31). 
4.1.5.4 Saponification value 
Results obtained for saponification value were non significant (Table 31). 
4.2 Experiment 2 
This experiment was conducted to establish the most suitable growth stage of 
mustard for foliar application of GA3 for better growth and yield performance. Foliar 
spray of 0, 10"^ , 10"^  and 10"*M GA3 was done at 40 and 60 DAS, while half of these 
concentrations i.e. 0, 10"'^ 10''° and 10"*M GA3 were applied twice both at 40 and 60 
DAS. The parameters studied at various sampling stages were same as in Experiment 1. 
The results are summarized in Tables (32 - 57). The details of the results are described 
below: 
4.2.1 Growth parameters 
4.2.1.1 Plant height 
Plant height was significantly influenced by stage of spraying at 60 and 80 DAS 
samplings. Spraying concentrations of GA3 was significant at 60, 80, 100 and 120 DAS. 
Interaction between stage of spraying and spraying concentrations of GA3 was significant 
only at 60 DAS (Table 32). 
Significantly maximum value was recorded for spray stage at 40 and 60 DAS 
sampling, while it gave the highest value at 80 DAS sampling and was at par with that of 
spray at (40+60) DAS stage. Significantly minimum value was obtained for spray stage 
60 DAS at 60 DAS sampling while it registered lowest value at 80 DAS sampling and 
was equal with that for spray at (40+60) DAS stage. 
All spraying concentrations of GA3 were statistically equal at 60 DAS sampling, 
but spraying at 10"^ M GA3 gave highest value. At 80, 100 and 120 DAS samplings, 10' 
' 'M GA3 registered maximum value and was equally effective with that of lO'^ M GA3 
concentrations. Significantly minimum value was obtained for water sprayed control 
plants at 60, 80, 100 and 120 DAS. 
Regarding interaction effect, it was observed that all concentrations had equal 
impact on plant height when spraying was done at 60 DAS stage, at 60 DAS sampling, 
while water sprayed control had no significant difference, irrespective of spraying stages. 
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4.2.1.2 Plant dry weight 
Plant dry weight significantly reciprocated to both spray stage and concentrations 
of GA3 spraying at 60, 80, 100 and 120 DAS samplings. Interaction effect was 
significant at 60 and 80 DAS (Table 33). 
Maximum value for plant dry weight was registered for spray at (40+60) DAS, at 
60 and 120 DAS samplings and was equal in effect with that for spray at 40 DAS, at 
these sampling days. Significantly highest value was recorded for 40 DAS spray at 80 
DAS sampling. It also gave maximum value at 100 DAS but was statistically equal with 
(40+60) DAS spray. Significantly minimum value was obtained for 60 DAS spray, at 60, 
80, 100 and 120 DAS samplings. 
Spraying concentrations of lO'^ M GA3 at 60, 80 and 120 DAS gave highest value, 
and at these sampling stages it was equal in effect with that of 1 0 " ^ GA3 concentration. 
At 100 DAS, 10-^ M GA3 recorded maximum value and was statistically equal with that 
of 10"*M GA3 concentration. Significantly lowest value was noted for water sprayed 
control plants at 60 and 80 DAS samplings, while at 100 and 120 DAS, it gave the lowest 
value and was at par with those of lO'^ M GA3 and lO'^ M GA3 concentrations at these 
respective stages. 
Interaction was significant between spray stage and GA3 concentrations, at 60 and 
80 DAS samplings. At both these stages there was no significant difference between 
different concentrations of GA3 when spraying was done at 60 DAS. In addition to this, 
at 60 DAS sampling water sprayed control gave at par value with lO'^ M GA3 
concentration when spray was done at 40 DAS. 
4.2.1.3 Dry weight of plant parts 
4.2.1.3.1 Leaf dry weight 
Dry weight of leaves was significantly affected with both spray stage and 
concentrations of GA3 spraying. Interaction between spray stage and spraying 
concentrations was significant only at 60 DAS (Table 34). 
Values recorded for (40+60) DAS spray were significantly maximum at 60, 80 
and 100 DAS samplings, while at 100 DAS sampling it produced highest value which 
was equal in effect with that for spray at 40 DAS. Significantly minimum value was 
registered for 60 DAS spray at 60, 80 and 100 DAS samplings, but at final stage of 
sampling, it gave lowest value and was at par value with spray at 40 DAS. 
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Spraying concentrations of 10"^ M GA3 at 60, 100 and 120 DAS samplings gave 
maximum value, where it was equal in effect with that of lO'^ M GA3 at 60 and 100 DAS 
samplings and with lO'^ M GA3 at 120 DAS sampling. But at 100 DAS sampling, 
interestingly each concentrations were equally effective with its adjacent concentrations, 
when the treatments were arranged in descending order correspondingly, lO^M GA3 gave 
highest and at par value with lO'^ M GA3 while water sprayed control recorded lowest 
value and was statistically equal with 10"^ M GA3 concentrations. 
At 60 DAS samplings, while the interaction effect was significant, it was noted 
that all concentrations of GA3 had equal impact at 60 DAS spray on leaf dry weight, 
while water sprayed control gave equal value with that of lO'^ M GA3 when spraying was 
done at 40 DAS. 
4.2.1.3.2 Stem dry weight 
Stage of spray was significant at 60, 80 and 100 DAS sampling. Concentration 
effect of GA3 spray was significant at 60, 80 100 and 120 DAS samplings. Interaction 
was significant at 60 and 80 DAS samplings (Table 35). 
Spray at (40+60) DAS gave highest value at 60 and 80 DAS samplings, but at 100 
DAS sampling, significantly maximum value was obtained for spray at 40 DAS. 
Significantly minimum value was recorded for 60 DAS spray at 60 and 80 DAS 
samplings, while it gave at par value with (40+60) DAS, spray at 100 DAS samplings 
which registered lowest value. 
Spraying concentrations of 10"^ M GA3 at 60 DAS sampling and lO'^ M GA3 at 80, 
100 and 120 DAS samplings gave highest value and both these concentrations were equal 
in effect with each other at these sampling stages. Significantly lowest value was 
obtained for water sprayed control plants at 60 and 80 DAS samplings while it gave 
minimum and at par value with 10"^ M GA3 at 100 DAS sampling. At final stage of 
sampling, 10 M GA3 gave lowest value and was statistically equal with water sprayed 
control. 
Regarding interactions between spray stage and concentrations of GA3, it was 
noted that all spraying concentrations of GA3 were statistically equal at 60 DAS spray. 
But 10' M GA3 and 10 M GA3 gave maximum and at par value and water spray and 10" 
^M GA3 concentrations elicited equal response. 
62 
60 
c 
to 
SP 
•53 
& 
e 
u 
c 
o 
a 
c 
2 
CO 
> 
>" 
o I 
o 
Vi 
«3 
o 
00 
c 
CO 
I . Q . 
C/3 
<? 
o 
c + -
o 
m 
CO 
o 
M 
o 
en 
Q 
tn 
> • 
•o 
M 
"S 
E 
« 
o 
u 
iS 
§ 
e 
_o 
A 
U 
• • - ' 
s 
u 
e o 
u 
VO O 9 \ 
r< © vo 
• « • 
t- \o t-
00 ^ r-
00 m 00 
r-' vb 06 
0 0 
r^ vo 00 t ~ 
e 
r^ • * vo 
00 ir^ ON 
\D V) t -
VT) ON ( N 
r f ON w-^  
0 0 
ON 
ON 
VO W^ U~l • « 
o 
*=*• 5 ft 
fM M ON 
00 00 00 
ON ^ - m t~-
O ON ON 0 0 
• ^ ^ O N 1—1 
ON 0 0 ON ON 
•<t O t^ O 
NO r - t ^ r -
O 00 ON ON 
0 \ 00 00 00 
o 
^ c 
© O O 15 
•« vo -« ^ 
© 
00 vo so 
00 
0 " 
ON 
0 
06 
0 0 
0 0 
. - i 00 
00 00 
NO M-' 
o 
00' 
V O 
en 
in" 
cs 
00 
O N 
0 0 
NO 
V 5 
e 
V3 
o 
u 
• * t ^ 0 0 
vo i n 
0 0 
o © 
00 
so 
V5 
vo V) NO 
00 00 J> 1—1 
"*. ^. " " I ^ 
r-' tri 00" t-^ 
• ^ o 
ON f -
0 0 ON 
VO ''J-
CN 00 
00 ^ 
0 0 
00 
»r5 
C/3 0 0 (Z) 
^ ::• z 
;^  ss ^ 
,-* T-* ^ 
t-~ VO « 0 
<n vo '—• 
0 0 - ^ 
ON r - 0 0 
Tt >n ON 
0 0 0 
in vi xn 
Z Z :z; 
II 
i -s 
© 
00 NO 
00 — 
•^' - * ' f^ 
(N NO 
rj- — 
© © 
Tt VO 
© 
N O 
© 
e 
e 
m± tj im S S «> 
00 00 NO 
© ON r< 
* • • 
<s © «s 
f l f> f ) 
• ^ CN m 
m m f n 
NO o r ^ 
t - . Tt »n 
•*' ro >n 
m m m 
vo '-^ fn 
t - r - • * 
ON 06 O 
<S (N m 
00 ON t -
>n NO r^ 
ON ON O N 
( S CS ( S 
© 
vo 
00 
in 
NO 
ON 
NO 
ON 
M 
S 
e« 
© o © n^ 
• * s o "* « 
4.2.1.3.3 Pod dry weight 
Effect of spray stage and spraying concentrations was significant at 80, 100 and 
120 DAS samplings. Interaction effect was non significant (Table 36). 
Spray at (40+60) DAS registered highest value at 80 and 120 DAS, and was equal 
in effect with that of spray at 40 DAS. Significantly maximum value was obtained for 40 
DAS spray at 100 DAS sampling. Significantly minimum value was noted for spray at 
60 DAS. 
Spraying concentrations of IOI'M GA3 gave highest value at 80, 100 and 120 
DAS, which was at par with 1 0 ^ GA3 concentrations at these sampling days. 
Significantly lowest value was recorded for water sprayed control plants at 80, 100 and 
120 DAS samplings. 
4.2.1.4 Per cent distribution of dry weight 
4.2.1.4.1 Leaf 
Effect of stages of spray was significant at 60, 80, 100 and 120 DAS samplings. 
Effect of concentrations of GA3 spray was significant at 100 and 120 DAS samplings. 
Interaction between GA3 spraying concentrations and stage of spray was non significant 
(Table 37). 
Spray at (40+60) DAS gave significantly maximum value at 60, 100 and 120 
DAS samplings while it recorded highest value at 80 DAS sampling which was at par 
with that of at 40 DAS spray. Values obtained for spray at 60 DAS was significantly 
minimum at 60 DAS sampling, but it was lowest and equal in effect with that for spray at 
40 DAS at 80, 100 and 120 DAS samplings. Spraying concentrations of 10"^ M GA3 and 
10-^ M GA3 gave highest and lowest values, but both these extreme were interestingly at 
par with water sprayed control and lO'^ M GA3 concentrations at 100 DAS sampling. But 
at final stage of sampling significant maximum and minimum values were noted for 10" 
^M GA3 and 10" 'M GA3 concentration respectively. 
4.2.1.4.2 Stem 
Effect of stages of spray was significant at 60, 80, 100 and 120 DAS samplings, 
but effect of GA3 concentrations was significant at 80 and 100 DAS. Interaction between 
stage of spray and concentrations of GA3 spraying was non significant (Table 38). 
Significantly maximum value was recorded for spray at 60 DAS at 60, 100 and 
120 DAS samplings, while at 80 DAS sampling, it gave highest value and was equal in 
effect with that of spray at 40 DAS. Significantly minimum value was noted for spray at 
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(40+60) DAS at 60 and 100 DAS samplings, but at 80 and 120 DAS samplings, it 
registered lowest value and was statistically equal with that of spray at 40 DAS. 
Water sprayed control plants gave significantly maximum value at 80 DAS 
samplings while all concentrations of GA3 were equal in effect where lO'^ M GA3 
recorded lowest value. But at 100 DAS sampling, water sprayed plants registered 
maximum stem dry weight and was equally effective with that of lO'^ M GA3 
concentration. The value obtained for 10"^ M GA3 was lowest and was statistically equal 
with that of 10'^ M GA3 concentration. 
4.2.1.4.3 Pod 
Percentage distribution of dry weights towards pods was significantly influenced 
with both spray stage and concentrations of GA3 spraying at 80, 100 and 120 DAS 
samplings. Interaction effect was non significant (Table 39). 
Spray at (40+60) DAS, at 80 DAS sampling and spray at 40 DAS at 100 and 120 
DAS samplings recorded maximum value, while both these spray stages gave statistically 
equal value with each other at these stages. Significantly lowest value was registered for 
60 DAS spray at 80, 100 and 120 DAS samplings. 
All spraying concentrations of GA3 were equally effective at 80, 100 and 120 
DAS samplings, but lO'^ M GA3 at 80 and 120 DAS samplings and lO'^ M GA3 at 100 
DAS sampling recorded maximum values. Water sprayed control plants gave 
significantly lowest value at 80 and 100 DAS samplings while at 120 DAS, it gave lowest 
and at par value with that for lO'^ M GA3 concentration. 
4.2.1.5 Leaf area 
Crop canopy which was represented by leaf area significantly reciprocated to both 
spray stage and concentrations of GA3 at 60, 80, 100 and 120 DAS samplings. 
Interaction between spray stage and concentrations was non significant (Table 40). 
Significantly maximum value was obtained for (40+60) DAS spray at 60, 100 and 
120 DAS samplings while at 80 DAS sampling, it recorded highest value and was at par 
with that for spray at 40 DAS. At 60 DAS sampling 60 DAS spray gave significantly 
lowest value, but at 80, 100 and 120 DAS samplings it registered minimum value and 
was equal in effect with that for 40 DAS spray. 
All spraying concentrations of GA3 were statistically equal, at 60, 80 and 120 
DAS samplings, however, 10"^ M GA3 at 60 and 80 DAS samplings and lO'^ M GA3 at 
120 DAS sampling gave maximum value. At 100 DAS sampling, 10"^ M GA3 registered 
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maximum value and lO'^M GA3 was equal in effect with that of lO'^ M GA3 and lO'^ M 
GA3 concentrations. Water sprayed control gave minimum value at 60, 80 and 100 DAS 
samplings, and was at par with 10"^ M GA3 concentrations at these sampling days. At 
final stage of samplings, water sprayed control was equally effective with 10"^ M GA3 and 
lO'^ M GA3 concentration where it recorded lowest value. 
4.2.1.6 Specific leaf area 
Spray stage had significant impact on specific leaf area at 60, 80, 100 and 120 
DAS samplings. Concentrations effect of GA3 spray was significant on 80, 100 and 120 
DAS samplings. But interaction between spray stage and concentrations of GA3 spray 
remained non significant (Table 41). 
Value recorded for 60 DAS spray was significantly maximum at 80 DAS 
sampling. It also produced highest value at 60 and 120 DAS samplings which was equal 
in effect with that of (40+60) DAS spray and 40 DAS spray. But at 100 DAS sampling 
spray at (40+60) DAS registered maximum value and was at par with that of spray at 60 
DAS. Significantly minimum value was recorded for at 40 DAS spray at 40 DAS 
sampling, but at 100 DAS sampling, it gave lowest value and was statistically equal with 
that of spray at 60 DAS. At final stage of sampling, spray at (40+60) DAS registered 
significantly lowest value. At 80 DAS sampling, this gave minimum value which was at 
par with that of spray at 40 DAS. 
Water sprayed control plants registered significantly maximum value at 80 DAS 
sampling, but at 100 and 120 DAS sampling spray concentrations of 10"^ M GA3 gave 
highest value which was at par with 10"*M GA3 and 10*^ M GA3. All spraying 
concentrations of GA3 were statistically equal at 80 DAS, where 10"^ M gave lowest 
value. lO'^ M GA3 spray at 100 DAS and 10"'M GA3 at 120 DAS recorded lowest value 
but were equal in effect with that for value obtained for water sprayed control plants. 
4.2.1.7 Specific leaf weight 
Effect of stage for GA3 spraying was significant at 60, 80, 100 and 120 DAS 
samplings, and concentrations effect of GA3 was significant only at 80 and 120 DAS 
samplings. But interaction effect was non significant (Table 42). 
Spray at 40 DAS and spray at (40+60) DAS at 60 and 120 DAS samplings 
respectively recorded significantly maximum value. While at 80 DAS sampling spray at 
(40+60) DAS and at 100 DAS sampling spray at 40 DAS gave maximum and at par 
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values with that for spray at 40 DAS and spray at 60 DAS. Significantly minimum value 
was obtained for 60 DAS spray at 80 DAS sampling. At 60 and 120 DAS samplings this 
treatment registered lowest values which were statistically equal with spray at (40+60) 
DAS and spray at 40 DAS. At 100 days sampling, spray at (40+60) DAS was noted for 
lowest value which was at par with spray at 60 DAS. 
Every spraying concentrations of GA3 were equally effective at 80 DAS 
sampling where 10"'M GA3 spray recorded maximum value. Water sprayed control 
registered significantly minimum value. A,t final stage of sampling, significantly 
maximum value was obtained for IO^'M GA3 spray while 10"^ M GA3 spray gave lowest 
value and was equal in effect with that of 10"^ M GA3 spray. 
4.2.1.8 Crop growth rate 
Crop growth rate significantly responded to spray stage between 40-60, 80-100 
and 100-120 DAS intervals. Effect of GA3 spraying concentrations was significant only 
between 40-60 and 60-80 DAS intervals. Interaction between stage and concentrations of 
GA3 spray was significant at 40-60 DAS (Table 43). 
Spray at (40+60) DAS, gave significantly maximum values at 40-60 DAS and 
100-120 DAS intervals but at 80-100 DAS, spray at 40 DAS gave highest value and was 
at par with that for spray at 60 DAS. Significantly minimum value was obtained for 60 
DAS spray for 40-60 DAS interval and for spray at (40+60) DAS between 80-100 DAS 
interval. At final time interval (100-120 DAS ), 40 DAS spray recorded lowest value and 
was statistically equal with that of 60 DAS spray. 
Spraying concentrations of 10"^ M GA3 between 40-60 DAS and 10"^ M GA3 
between 60-80 DAS interval gave maximum value, while significantly minimum value 
was recorded for water sprayed control plants between these time periods. However, all 
concentrations of GA3 were equally effective at these time intervals. 
Regarding interaction, it was noted that 60 DAS spray showed identical response 
fi-om any of the concentrations of GA3 inc'uding water sprayed control. But when 10"^ M 
GA3 was sprayed at 40 DAS, it gave at par value with water sprayed control and with 
higher concentrations of GA3 separately. 
4.2.1.8 Relative growth rate 
Effect of spray stage was significant at 40-60, 60-80, 80-100 and 100-120 DAS. 
But concentrations effect of GA3 and 'ts interaction Avith stages of spraying was 
significant only between 40-60 DAS period (Table 44). 
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Maximum RGR value was registered for spray at (40+60) DAS at 40 -60 and 
100-120 DAS time intervals vi'hich was statistically equal with that of 40 DAS spray and 
60 DAS spray. At 60-80 DAS interval significantly highest value was obtained for 60 
DAS spray while it recorded maximum and at par value with that of 40 DAS spray at 80-
100 DAS. Significantly lowest value was noted for spray at 60 DAS at 40-60 DAS, but 
at 100-120 DAS it was statistically equal with 40 DAS spray which recorded minimum. 
Value registered for spray at (40+60) DAS between 80-100 DAS was significantly 
minimum and between 60-80 DAS, although it was lowest but equal in effect with that 
for spray at 40 DAS. 
All concentrations of GA3 were equally effective, but lO'^ M GA3 gave highest 
value. Water sprayed control plants recorded significantly minimum value. 
Between 40-60 DAS intervals, interaction between spray stages and 
concentrations of GA3 spraying demonstrated that every concentration treatments of 
spraying had equal effect when spraying was done at 60 DAS. 
4.2.1.10 Net assimilation rate 
Net assimilation rate responded significantly to the spray stages from 40 DAS 
onwards. Effect of spraying concentrations of GA3 and its interaction with spray stages 
were significant only between 40-60 DAS (Table 45). 
Maximum value was recorded for spray at (40+60) DAS, at time' intervals 40-60 
DAS and 80-100 DAS, and for spray at 60 DAS between 60-80 DAS. Spray at 40 DAS 
recorded equal effect with that for these respective spraying stages, between all these 
time intervals. Significantly minimum value was obtained for 60 DAS spray at 40-60 
DAS and for spray at (40+60) DAS between 60-80 and 80-100 DAS. 
All concentration of GA3 spraying was statistically equal with each other and 10" 
'*M GA3 spray registered highest value between 40-60 DAS, while water sprayed control 
gave significantly minimum value. 
Between 40-60 DAS period, interaction effect of spray stages and concentrations 
of GA3 spraying showed that there was no significant difference in response when 
spraying was done at 60 DAS. 
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4.2.2 Photosynthetic parameters 
4.2.2.1 Chlorophyll content 
Contents of light harvesting assembly significantly responded to various 
concentrations of GA3 spray at 60, 80, and 100 DAS. But timing of spray and its 
interaction with concentrations of GA3 were significant only at 60 DAS (Table 46). 
Spray at 40 DAS registered maximum value at 60 DAS sampling and was equal 
in effect with that for spray at (40+60) DAS. Significantly minimum value was noted for 
spray at 60 DAS at this sampling stage. 
Spraying concentrations of lO'^ M GA3 at 60 DAS sampling and 10"^ M GA3 at 80 
DAS sampling recorded highest value and was equal effective with each other at these 
sampling stages. At 100 DAS sampling, 10"^ M GA3 spray gave maximum value but all 
concentrations of GA3 spraying were statistically equal. Water sprayed control 
registered significantly lowest value at 80 and 100 DAS samplings, while at 60 DAS, it 
gave minimum value but was at par with that of 10"^ M GA3 spray. 
All concentrations of GA3 or water showed identical values when spray stage 
was 60 DAS, while spray at (40+60) DAS produced at par value for water sprayed 
control with 10"^ M GA3 spray. 
4.2.2.2 Rate of photosynthesis 
Concentrations effect of GA3 spraying had significant impact on rate of 
photosynthesis at 60, 80 and 100 DAS. Effect of spraying stages and its interaction with 
spraying concentrations of GA3 was significant at 60 and 80 DAS (Table 47). 
Significantly maximum value was obtained for spray at 40 DAS at 60 DAS 
sampling and for spray at (40+60) DAS at 80 DAS sampling. Significantly minimum 
value was recorded for spray at 60 DAS at both these sampling days. 
Significantly highest value was registered for 10"^ M GA3 spray at 60 DAS 
sampling. Spraying concentrations of 10"^ M GA3 at 80 DAS sampling and 10"'M GA3 at 
100 DAS sampling gave maximum value, while both these concentrations were noted for 
equal value with each other at these sampling stages. Significantly minimum value was 
recorded for water sprayed control at 80 and 100 DAS sampling, but at 60 DAS 
sampling, 10 M GA3 spraying gave lowest value and was at par v^th water sprayed 
control. 
Regarding interaction, at 60 DAS sampling 60 DAS spray did not show an 
significant difference between values obtained for different spraying treatment. 
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Statistically equal values were obtained for I 0 ' ' M GA3 and 10"^ M GA3 for spray at 40 
DAS and for spray at (40 +60) DAS. These values were significantly superior to 10 M 
GA3 and water sprayed control which were equal in effect with each other. At 80 DAS 
sampling, water sprayed control and lO'^ M GA3 recorded at par value for spray at 60 
DAS and were significantly inferior to statistically equal higher concentrations of GA3. 
4.2.2.3 Photosynthetically active radiation 
An index demonstrating the effective interception of solar radiation was found to 
be significantly influenced with various spraying concentrations of GA3 at 60, 80 and 100 
DAS samplings. However, spray stages and its interaction with concentrations of GA3 
was significant only at 60 DAS (Table 48). 
At 60 DAS sampling, significantly maximum and minimum values were obtained 
for spray at 40 DAS and for spray at 60 DAS respectively. 
Spraying concentration of lO'^ M GA3 at 60 DAS sampling and lO'^ M GA3 at 80 
and 100 DAS samplings gave maximum values and were equal in effect with each other 
at these sampling stages. Significantly lowest values were noted for water sprayed 
control at 60, 80 and 100 DAS samplings. 
Interaction between spray stages and GA3 concentrations at 60 DAS sampling, 
produced an equal response from all concentrations of GA3 when spraying was done at 
60 DAS, while spray at 40 DAS resulted into at par value for 10"*M GA3 and 10"^ M GA3 
spraying concentrations. 
4.2.3 Biochemical parameters 
4.2.3.1 Nitrogen content 
Nitrogen content remain uninfluenced with spraying stages, GA3 concentrations 
and their interactions (Table 49). 
4.2.3.2 Phosphorus content 
Content of phosphorus in plant tissues remain unaffected with either of the 
treatments or with their combinations (Table 50). 
4.2.3.3 Potassium content 
The results were found to be non significant (Table 51). 
4.2.3.4 Nitrogen uptake 
Uptake of nitrogen was significantly influenced by both spray stages and 
concentrations of GA3 at 60, 80, 100 and 120 DAS samplings. Interaction effect was 
significant at 60 and 80 DAS only (Table 52). 
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Spray at (40+60) DAS at 60 and 80 DAS samplings registered significantly 
maximum value. At 100 DAS sampling, spray at 40 DAS and at 120 DAS sampling 
spray at (40+60) DAS gave highest value and both values were at par with each other. 
Significantly lowest value was obtained for spray at 60 DAS at 60, 80, 100 and 120 DAS 
samplings. 
A general trend was observed for the effect of spraying concentrations of GA3 
where lO'^ M GA3 spray recorded highest value and was equal in effect with 10'' M GA3 
spray at 60, 80, 100 and 120 DAS, while significantly lowest value was noted for water 
sprayed control plants at all these sampling days except at 100 DAS, where it gave 
minimum value and was statistically equal with lO'^ M GA3 concentrations. 
Interaction between spray stages and concentrations of GA3 spraying produced 
equal value effect for spray at 60 DAS at 60 and 80 DAS sampling. The values for water 
sprayed control was at par with lO'^ M GA3 spray and were significantly inferior to the 
statistically equal higher spraying concentrations of GA3 when plants were sprayed at 40 
DAS at 60 DAS samplings. 
4.2.3.5 Phosphorus uptake 
Significant response was observed for spray stage and concentrations of GA3 
spray for phosphorus uptake at 60, 80, 100 and 120 DAS samplings. Interaction effect 
was significant at 60 DAS (Table 53). 
Spray at (40 +60) DAS recorded significantly maximum value at 60 DAS 
sampling, while at 80 and 120 DAS samplings, it gave highest value and was equal in 
effect with that of spray at 40 DAS. At 100 DAS sampling, spray at 40 DAS gave 
maximum value and was at par with that for spray at ( 40 + 60) DAS. Significantly 
minimum value was registered for spray at 60 DAS, at 60, 80 100 and 120 DAS 
samplings. 
Spraying concentrations of lO'^ M GA3 gave maximum value and was statistically 
equal with that for lO'^ M GA3 spray at all sampling days. Water sprayed control 
recorded significantly lowest value at 60 and 80 DAS samplings, but at 100 DAS 
sampling, it was minimum and gave at par value with 10"^ M GA3 concentrations. At 
final stage of sampling, 10"^ M GA3 recorded lowest value and was equal in effect with 
that for water sprayed control. 
Regarding interaction effect, it was noted that there was no significant difference 
between concentrations of GA3 for spray at 60 DAS at 60 DAS sampling. 
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4.2.3.6 Potassium uptake 
Effect of spray stages and concentrations of GA3 spraying was significant at 60, 
80, 100 and 120 DAS samplings. Interaction between spray stage and concentrations of 
GA3 spray was significant only at 60 DAS (Table 54). 
Significantly maximum value was obtained for spray at (40 +60) DAS at 60 DAS 
sampling. However, at 80 and 120 DAS samplings, this treatment gave maximum values 
which were equal with the values obtained for spray at 40 DAS. At 100 DAS sampling, 
spray at 40 DAS produced highest value and was at par with that for spray at (40 +60) 
DAS. Significantly minimum value was obtained for spray at 60 DAS at all sampling 
days. 
Spraying concentrations of 10"^ M GA3 gave maximum but at par value with 10" 
*M GA3 at 60, 80, 100 and 120 DAS. 10"^ M GA3 spray was equal in effect vwth that of 
10"*M GA3 at 80 DAS and with water sprayed control at 100 DAS, which recorded 
lowest value at these sampling stages. Significantly minimum value was registered for 
water sprayed control at 60, 80 and 120 DAS samplings. 
Interaction effect at 60 DAS sampling generated an equal value for all spraying 
concentrations of GA3 when plants were sprayed at 60 DAS. 
4.2.4 Yield parameters 
4.2.4.1 Number of pods/plant 
Number of pods/per plant was significantly influenced by both the spray stages 
and concentrations of GA3 spraying. Interaction effect was non significant (Table 55). 
Spray at 40 DAS recorded maximum value and was statistically equal with spray 
at (40 +60) DAS. Significantly minimum value was obtained for spray at 60 DAS. 
Spraying concentrations of lO'^ M GA3 registered maximum value which was equal in 
effect with that for lO'^ M GA3 spray. Minimum value of number of pods/per plant was 
noted for water sprayed control which gave at par value with lO'^ M GA3 spray. 
4.2.4.2 Number of seeds/pod 
This parameter remain unaffected either by any of the treatments or their 
combinations. (Table 55). 
4.2.4.3 1000 seed weight 
Resuhs were found to be non significant. (Table 55). 
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4.2.4.4 Seed yield 
Spray stages and concentrations of GA3 spraying had significant impact on seed 
yield. Interaction effect was found to be non significant. (Table 56). 
Maximum seed yield was recorded for spray at 40 DAS, which was at par with 
that for spray at (40+60) DAS. Significantly minimum value was noted for spray at 60 
DAS. 
GA3 spray at 10"'M concentration registered maximum value for seed yield which 
was statistically equal with lO'^ M GA3 spray. Minimum value was recorded for water 
sprayed control which was at par with that for 10"^ GA3 concentration. 
4.2.4.5 Biological yield 
Significant impact of spray stages and spraying concentrations was noticed on 
biological yield. Interaction effect was found to be non significant. (Table 56). 
Maximum and minimum values were recorded for spray at (40 +60) DAS and for 
spray at 60 DAS respectively. However, both these spray stages were equal in effect 
with that of spray at 40 DAS separately. 
Spraying concentrations of lO'^ M GA3 gave highest value and was statistically 
equal with lO'^ M GA3 spray. Water sprayed control registered lowest value and was at 
par with that of 10"^ M GA3 spray. 
4.2.4.6 Harvest index 
Harvest index was significantly influenced by both the spray stages and 
concentrations of GA3 spraying. But interaction between these two remained non 
significant. (Table 56). 
Highest and lowest values were noted for spray at 40 DAS and spray at (40 +60) 
DAS respectively, while both these stages of spraying were equally effective with that of 
spray at 60 DAS separately. 
Water sprayed control plants gave maximum value but it was statistically equal 
with lO'^ M and 10"^ M GA3 spray. Significantly lowest value was obtained for 10"*M 
GA3 spray. 
4.2.4.7 Oil yield 
Oil yield was significantly affected by both the spray stages and concentrations 
of GA3 spraying. Interaction effect was non significant (Table 56). 
Spray at (40+60) DAS recorded maximum and at par value with spray at 40 DAS. 
Significantly minimum value was obtained for spray at 60 DAS. 
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spraying concentrations of 10"^ GA3 registered maximum value and was equal 
in effect with that for 10"^  M GA3 spray. Lowest value was noted for lO'^ M GA3 
spraying which was statistically equal with water sprayed control, 
4.2.S Quality parameters 
4.2.5.1 Oil content 
No significant difference in oil content was observed either or spray stages, for 
concentrations of spraying and their interactions. (Table 57). 
4.2.5.2 Acid value 
No significant difference in acid value was found (Table 57). 
4.2.5.3 Iodine value 
Results obtained were non significant (Table 57). 
4.2.5.4 Saponification value 
Saponification value remain uninfluenced by both, either spray stages, 
concentrations of GA3 spraying or their interactions (Table 57). 
4.3 Experiment 3 
A factorial randomized experiment was planned to investigate the investigate the 
effect of soaking of mustard seeds in GA3 (0, 10"^ , 10'^  IO'^'M) for 8 h (selected in 
Experiment 1), along with five levels of basally applied sulphur i.e. o, 25, 50, 75 and 100 
kg S/ha, on growth, photosynthetic, biochemical, yield and quality parameters at various 
sampling stages as described in Experiment 1. In addition, in biochemical parameters 
sulphur content in plant and its uptake were also noted at 40, 60, 80, 100 and 120 DAS 
samplings. The details of the results are given below and summarized in tables 58 - 85. 
4.3.1 Growth parameters 
4.3.1.1 Plant height 
Effect of soaking concentrations of GA3, application of different levels of sulphur 
and interaction effect between these two were found to be significant at all sampling 
stages (Table 58). 
GA3 at 10" 'M concentration gave maximum value at 40, 60 and 100 DAS, while 
at 80 and 120 DAS 10"^ M produced maximum plant height. However, all the 
concentrations of GA3 were found to be equal in effect at 40,60 and 120 DAS, but at 100 
DAS the value for 10"^ M GA3 concentration was statistically equal with that for 10"^ M 
GA3. At every sampling stage, water soaked control gave significantly lowest value. 
73 
1 
u 
o 
73 
> 
'5 
C 
c 
o 
o 
c 
o 
e i 
> 
u 
<a 
i 
«3 
00 
00 
+-> 
c 
<u 
>_ 
^ 
'•B 
- * -» KJ 
2^  
l-H 
o. oo 
^ O 
o 
n 
,<^ t l 
W 
r-
i n 
u 
X i 
CO 
H 
o 
3 
cd 
> G O 
o 
'H 
o 9-K3 
O 
U 
H 
•V 
Ml 
S 
es 
iS 
g 
B 
O 
'5 
cs 
B 
U 
w 
B 
O 
u 
O 
1-1 t-
IS »S «S 
Tj- ON <N »n 
VO 00 ^ VO 
c>i C4 oi r4 
ri <s <s 
o 
NO 
ri 
•* »n ^ 
t-; •^ 00 
cs cs cs 
0\ 
c<i CS 
VO 
( S 
NO 
r4 
VO 
f4 
b 
b 
S Ml 
a « 
fO 00 1/5 
«n »n v5 
f) f) <•> 
0\ 00 ON 
<0 vn in 
en 
CS — CS 
en 
O O 
•* VO 
s 
> 
B 
_o 
'•C 2 
S 
B 
O 
a 
O 00 
r~- VO V3 
CS —> CS »n 
VO t~- VO VO 
VO 00 m 
00 lA VO 
•^ »n ON 
r- 00 •>* 
VO 
VO 
ov •—I r-
»n VO »n 
«s 
vd 
in 
CO 
OS 
0 0 ON 
vri 
VO 
vb 
0 0 
•n 
to 
o 
VO 
o 
fS t^ 00 
•« W5 v5 
0\ 0\ 0\ 
VO CS 
in vd 
ON 0\ 
ON 
ON 
VO 
VO 
ON 
m —* 00 00 
VO >A) 
ON ON ON 
ON f<^  C^J 00 
ON ON ON ov 
00 -H Tj- ^ 
ON ON 
VO 
ON 
O 
VO 
VO 
Ov 
o o o ^ 
•* VO •* »C 
m x/1 x/1 
^ Z Z 
1/3 C/3 (/3 
Z Z :z: 
ui vi ui 
Z 7: Z. 
C/i 1/3 C/3 
z ^ z 
w 
E 
'•C 
ot 
^s 
'?, J? fc. 
en 
B 
_o 
"S h> 
w u s o 
B 
_o 
c« 
u 5* 
** 
s 
o 
a 
X) 
> 
o 
60 
a 
> 
o 
•o 
J3 
•*-» CO 
3 
6 
c 
o 
f < l 
<: 
o J 3 
4-> 
• | 
J 3 
0 0 
l - i 
a 
-«-» 
c 
a> £ 
+-> CO 
TD 
t> 
U 
ty i 
bO 
c 
' ^ 
o en 1 
u 
cx 
t*- l 
o 
• J 
u 
.4> 
ta 
w 
0 0 
W1 
u 
^ cS 
H 
s 
•4-» 
J 3 
2P 
"53 
J 3 
^ 
cd 
CU 
c o 
U H 
3 
J = 
O. 
s 
e 
o 
w 
H 
R 
Q 
I; 
ei 
"D 
E 
cs 
o 
t 
I 
I 
s 
V) 
V3 
IT) 
^ ^ © «s 
ON 
o 
o 
V3 
«« 
M 
5 8 2 g 
n f<^  «s 
• ^ " * • * 
w^  
CO 
ON vq 0 0 
O 
<s 
<*5 
{S Ov ^ ON O 
00 vo t-~ >r) t-^  
ro m m fo f) 
Tt ON 00 ON «/^  
ts NO r-^  00 NO 
"^ r •* •* Tf "» 
i n 
p 
00° 
C I 
>o 
•<^  
NO 
ON 
ON 
o 
( S 
o in 
^. 
t~; 
r-
tn 
• * 
—' O 
O VO ^ fO 
f<^  in vo «/i 
«s r< r< fs 
00 CN «N W-> 
00 ON O 00 
1—" 1-^  CS *-H 
ro lo ^ NO NO 
T}- vo NO w~i irj 
iri o ^ O ON 
(S m m CO r4 
00 <N W1 00 «/1 
NO >—i O ON ON 
cs c<^  CO <S f^ 
0 0 t ^ 
NO 
o 
NO 
• * 
iri 
ON 
B 
* "" "T flS 
<=> b o 15 
© 1^ i-H 1—I *E; 
fO rj r4 ON 
i-i f^ 00 i« \n V} *n *fi 
cs 00 ts <s 00 
«ri vo t-; Ti- M 5 
Tt Tt -"^r Tj- Tf 
VD f<^  C^ ^ ON M 
ON 00 '-• t-' ON 
•<4- ""t in Tj- •^ 
00 NO .-^  ON NO 
ON 
iri 
>n 
cs 
i n 
ON 
NO 
• * 
NO 
NO 
f ^ 
NO 
CO 
NO 
0 
NO 
0 0 
NO 
r-
NO 
§ 
*i 
2 
^ . 
§ 
1-H 00 
in o 
O 1-; 
r4 ri 
«/3 V3 VJ l« 
t- 00 ON 
o m ON 
rr •* fn 
r~ NO ri 
VO r~ 
«n 
cs 00 
ON in _ 
•* m NO 
o
00 
NO 
00 
in 
00 
00 
*n 
«n ON 
00 NO ON O 
'4- in «n NO 
<S NO f«^  
NO 
'^r •-' 00 —1 o 
m «n 
m m 
in 
in 
B 
© ^ ^ ^ ^ 
VI 
0 ^ 
Vi 
'«-• 
es 
u 
0 
s 
0 
0 0 
0 
NO 
0 
• * 
m 
f S 
( N 
r>i 
p 
r»i 
NO 
l - H 
• * 
a 0 
••» 
s a e 
VO 
<N 
>n 
ts 
m 
<N 
0 0 
_< 
NO 
^ 
s 
a, 
CN 
i n 
p 
i n 
NO 
T t 
VO 
r i 
<N 
e 
'•C 
<s 
«S M V) 0\ 
(S — ^ f<l 
m m m m 
»n 
ON 
NO 
NO 
cs 
0 0 
NO 
ts 
ON 
0 0 0 
? 
ON NO in ON r* 
00 r^ (S <N »H 
ON ON 00 <-; r^ 
m NO NO c- NO 
-^< 00 ON NO 00 
VO 
,_ 
c-
,_ 
0 
_^ 
0 
f^ 
I ^ 
0 
NO 
NO 
B 
o o o ip; 
Application of 25 kg S/ha recorded maximum value at 40, 60, 80 and 120 DAS, 
but at 100 and 120 DAS. Treatment 25 kg S/ha was noted to be equal in effect with 50 
kg S/ha at 40 and 60 DAS, and with 50 and 0 kg S/ha at 80 and 100 DAS. However, at 
120 DAS the effect of 25 kg S/ha differed significantly from other treatments. 
Significantly lowest values were obtained for 100 kg S/ha at all sampling days. 
Regarding interaction effect between soaking concentrations of GA3 and sulphur 
level, it was noted that at higher levels of sulphur, i.e. 75 kg S/ha or 100 kg S/ha there 
was no significant difference between different soaking concentrations at all sampling 
days. 
4.3.1.2 Plant dry weight 
Concentration effect of GA3, application of sulphur and their interaction were 
found to be significant at all stages of samplings (Table 59). 
All concentrations of GA3 were found to be statistically equal at all stages of 
sampling except at 120 DAS. At final stage of sampling, lO'^ M GA3 was at par with both 
10"^ M and lO'^ M GA3. Significantly lowest value was given by water soaked control 
treatment. 
At initial stage of sampling (40 DAS), the plant dry weight was found to decrease 
as the level of sulphur increased, 0 kg S/ha giving maximum value which differed 
critically from others. At 60, 80 and 100 DAS, 25 kg S/ha gave maximum value while at 
120 DAS, 50 kg S/ha recorded maximum. Treatment 25 kg S/ha and 50 kg S/ha were 
equally effective at 60, 100 and 120 DAS. Significantly lowest value was found in 100 
kg S/ha at 80 and 120 DAS. Treatment 75 kg S/ha at 60 DAS and 100 kg S/ha at 100 
DAS gave the minimum value and were statistically equal to each other at these stages. 
4.3.1.3 Dry weight of plant parts 
4.3.1.3.1 Leaf dry weight 
Effect of GA3 and sulphur was significant at all sampling stages. Interaction 
between GA3 and sulphur was found to be non significant (Table 60). 
GA3 10"^ M gave maximum value at 40, 60, 100 and 120 DAS, while lO'^ M GA3 
recorded maximum at 80 DAS, but all concentrations of GA3 were equally effective at 
40, 60 and 80 DAS. At 100 and 120 DAS, treatment 10"^ M GA3 was equal in effect with 
lO'^ M GA3. The effect of concentration lO'^ M GA3 was statistically equal withl0"*^M at 
100 DAS. Significantly lowest value was found in water soaked control at all sampling 
days. 
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The trend of leaf dry weight followed the pattern of plant dry weight at 40 DAS, 
i.e. as the level of sulphur increased, the leaf dry weight declined. Significantly highest 
and lowest values were obtained for 0 and 100 kg S/ha respectively. Treatment 25 kg 
S/ha at 60 and 80 DAS and treatment 50 kg S/ha at 100 and 120 DAS gave significantly 
maximum value for leaf dry weight. Treatment 100 kg S/ha at 80 DAS and 0 kg S/ha at 
120 DAS, gave significantly lowest value, while at 60 DAS 100 kg S/ha recorded 
minimum and was equal in effect in effect with that of 75 kg S/ha. But at 100 DAS, 
minimum value was found for 0 kg S/ha which was statistically equal with 100 kg S/ha. 
4.3.1.3.2 Stem dry weight 
Application of GA3 and sulphur resulted into significant impact on stem dry 
weight, but the interaction effect of these two remain non significant at all stages of 
samplings (Table 61). 
All concentration of GA3 produced statistically equal values for stem dry weight 
which differed significantly with control at all sampling stages. 
At 40 DAS, stem dry weight behaved according to the trend set by plant dry 
weight; increase in the sulphur level decreased the stem dry weight. Significantly highest 
and lowest values were recorded for 0 and 100 kg S/ha respectively. Treatments 25 kg 
S/ha and 50 kg S/ha produced equal effect and the value was maximum for rest of the 
samplings. Treatment 75 kg S/ha gave minimum value which was statistically equal to 
100 kg S/ha at 60 and 100 DAS. Significantly lowest value was given by 100 kg S/ha at 
80 and 120 DAS. 
4.3.1.3.3 Pod dry weight 
The effect of GA3 and sulphur on pod dry weight was significant at 80, 100 and 
120 DAS, (when pods matured and collected). The interaction effect between these two 
was significant at 80 and 100 DAS (Table 62). 
Highest value for pod dry weight was recorded for 10"^ M GA3 at 80 and 100 
DAS, where it was found to be statistically equal with 10"^ M GA3 at 80 DAS and 10"^ M 
at 100 DAS. At 120 DAS, all the concentrations of GA3 produced equal effect. 
Significantly lowest value was found in water soaked control treatment. 
Sulphur level 25 kg S/ha gave maximum value at 80, 100 and 120 DAS. 
However, at 120 DAS values recorded for 25 and 50 kg S/ha were statistically equal. 
Significantly minimum value was recorded for 100 kg S/ha at 80 and 120 DAS, while it 
was lowest and at par with 75 kg S/ha at 100 DAS. 
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Interaction of soaking concentrations and levels of sulphur produced remarkably 
higher pod dry weight for the combination of 10"^ M GA3 x 25 kg S/ha at 80 DAS 
sampling. In addition to this, at higher levels of sulphur i.e. at 75 kg S/ha or 100 kg S/ha 
at 80 DAS and at 75 kg S/ha at 100 DAS, all concentrations of soaking recorded equal 
values. But at 100 kg S/ha all GA3 concentrations were statistically equal and 
significantly superior to water soaked control at 100 DAS. 
4.3.1.4 Per cent distribution of dry weight 
4.3.1.4.1 Leaf 
The effect of concentrations of GA3 was significant at 40, 60 and 80 DAS, while 
application of sulphur for distribution of dry weight towards leaves was significant at all 
sampling stages. The interaction between these two was non significant (Table 63). 
The effect of lO'^ M GA3 was maximum and the value was at par with 10"^ M GA3 
at 40 DAS, while minimum value was given by water soaked control which was equal in 
effect with 10"^ M GA3. At 60 and 80 DAS, all concentrations of GA3 used produced 
equal effect and the values differed significantly from control. 
Treatment 0 kg S/ha gave maximum value at 40 DAS, but was at par with that for 
25 kg S/ha. At 60 and 80 DAS, treatment 25 kg S/ha gave maximum value, where the 
value for 0 kg S/ha was noted to be at par with 25 kg S/ha. At 100 DAS, 75 kg S/ha 
recorded maximum value and was at par with that for 50 kg S/ha. Treatment 50 kg S/ha 
gave maximum value at 120 DAS, and which was statistically equal to 100 and 75 kg 
S/ha. Minimum value was obtained for 100 kg S/ha at 40, 60 and 80 DAS, where it was 
at par with that for 75 kg S/ha. At 100 DAS, the value for 0 kg S/ha was found to be 
lowest and statistically equal with 25 kg S/ha and 100 kg S/ha. Significantly lowest value 
was recorded in 0 kg S/ha at 120 DAS. 
4.3.1.4.2 Stem 
Effect of GA3 was found to be significant only at 80 DAS, while application of 
sulphur was significant at all sampling stages. Interaction effect was noted to be non 
significant (Table 64). 
Significantly maximum value was recorded for water soaked control. Minimum 
value was given by 10" M GA3 but all the concentrations of GA3 were equally effective. 
Application of sulphur level 100 kg S/ha gave maximum value at all sampling 
stages. But it was at par with that for 75 kg S/ha at 60 DAS and 50 kg S/ha at 120 DAS. 
Treatment 0 kg S/ha at 40 and 120 DAS and 25 kg S/ha at 60, 80 and 100 DAS gave 
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lowest values. The value for the 25 kg S/ha was at par with 0 kg S/ha at 40, 60, 80, 100 
and 120 DAS. 
4.3.1.4.3 Pod 
The effect of GA3 was significant at 80 and 100 DAS, while levels of sulphur 
were significant at 80, 100 and 120 DAS. The into^action between GA3 x S was found to 
be non significant (Table 65). 
Concentration 10" 'M GA3 gave maximum value at 80 and 100 DAS. All 
concentrations of GA3 were equally effective at 80 DAS, while at 100 DAS the value for 
10-^ M GA3 was found to be statistically equal with lO'^M. Significantly lowest value 
was noted in water soaked control. 
Sulphur level 0 kg S/ha gave significantly maximum value at 80 and 100 DAS, 
while the value for 0 kg S/ha was again highest at 120 DAS, but was at par with 25 kg 
S/ha. Treatment 100 kg S/ha gave minimum values at 80, 100 and 120 DAS which were 
statistically equal with 75 kg S/ha at 100 and 120 DAS. 
4.3.1.5 Leaf area 
The concentration effect of GA3 was significant at 60, 80, 100 and 120 DAS, 
while application of various levels of sulphur had significant impact on leaf area at all 
sampling stages. The interaction effect was found to be non-significant (Table 66). 
Concentration 10"^ M GA3 at 60 DAS, 10"^ GA3 at 80 and 120 DAS, and lO-^ M 
GA3 at 100 DAS produced maximum leaf area. All concentrations of GA3 were equally 
effective at 80 DAS, while lO'^ M was equal in effect with lO'^ M at 60 and 100 DAS. 
Significantly lowest value was found in water soaked control treatment. 
The value for 0 kg S/ha was noted to be maximum and was at par with 25 kg S/ha 
at 40 DAS. Treatment 25 kg S/ha at 60 DAS, and 50 kg S/ha at 80, 100 and 120 DAS 
gave significantly maximum value for leaf area. Significantly lowest value was recorded 
in 100 kg S/ha at 40, 60, 80 and 100 DAS. The minimum value given by 100 kg S/ha at 
60 DAS was at par with that for 75 kg S/ha. At 120 DAS, 0 kg S/ha treatment gave the 
lowest value. 
4.3.1.6 Specific leaf area 
Effect of soaking in GA3 was significant at all stages except at 80 DAS, while 
effect of application of sulphur was significant at all samjB^^gi Stagey ^ "TThe interaction 
effect was found to be non-significant (Table 67). 7 ^'^ ~^^ 
( Ace. No ) ^ ' ' 
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At 40 and 60 DAS, maximum value was found in water soaked control treatment. 
Minimum value was noted in IC^M GA3 but all the concentrations of GA3 were equally 
effective and gave minimum values at these stages. 10"'M GA3 concentration gave 
maximum value at 120 DAS, which was equal in effect with water soaked control at 60, 
100 and 120 DAS with water soaked control and lO'V GA3 at 120 DAS. Minimum 
value was obtained for 10"^ M GA3 at 120 DAS, but at 100 DAS, 10"^  and lO'^ M giving 
statistically equal values with showed minimum effect. 
Application of sulphur level 100 kg S/ha gave significantly maximum value at 40 
and 120 DAS. At 100 DAS significantly maximum value was given by control. At 60 
and 80 DAS maximum value was obtained for 75 kg S/ha and 100 kg S/ha respectively, 
which was statistically equal with that for 100 and 0 kg S/ha at 60 DAS and 75 kg S/ha at 
80 DAS. Significantly minimum value was noted in 0 kg S/ha treatment at 40 and 60 
DAS, while at 80, 100 and 120 DAS, lowest value was recorded for 0 kg S/ha, 100 kg 
S/ha and 75 kg S/ha treatments respectively and the values were at par with 25 kg S/ha at 
80 DAS, 75 kg S/ha at 100 DAS and 50 kg S/ha at 120 DAS. 
4.3.1.7 Specific leaf weight 
Effect of GA3 soaking was significant at 40, 60, 80 and 100 DAS, while level of 
sulphur had significant impact on specific leaf weight at all sampling days. But the 
interaction between GA3 soaking and sulphur levels could not produce any significant 
effect, (Table 68). 
Soaking of seeds in 10"^ M GA3 gave maximum value for specific leaf weight at 
40, 60 and 80 DAS, but all the concentrations of GA3 were equal in effect at these stages. 
At 100 DAS, 10"*'M GA3 gave maximum value and it was at par with that for 10"^ M 
GA3. Minimum value was recorded for water soaked control. 
Treatment 0 kg S/ha gave maximum value at 40, 60, 80 and 100 DAS, while at 
120 DAS, 75 kg S/ha produced highest value for specific leaf weight. The value for 0 kg 
S/ha was at par with that of 25 kg S/ha at 80 DAS and the effect produced by 75 kg S/ha 
and 50 kg S/ha were equal at 120 DAS. Minimum value was given by 100 kg S/ha at 40, 
80 and 120 DAS, while at 60 DAS 75 and 100 kg S/ha produced equal effect and at 100 
DAS, 25 and 50 kg S/ha gave minimum and at par values. 
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4.3.1.8 Crop growth rate 
The effect of GA3 soaking and addition of various levels of sulphur to the soil was 
found to be significant at every growth stage. Interaction effect was found to be 
significant only at 120 DAS (Table 69). 
Soaking seeds in lO'^ M GA3, between 0-40 DAS and in lO'^ M GA3 between 60-
80 DAS gave maximum value where all the concentrations of GA3 were equal in effect. 
At 40-60 DAS, 10" 'M GA3 recorded maximum value and was at par with that for lO'^ M 
GA3. Significantly lowest value was noted in water soaked control at these intervals and 
at 80-100 DAS interval. Between 80-100 DAS, lO'^ M GA3 gave significantly higher 
value than all other treatments. Between 100-120 DAS, water soaked control gave 
maximum value, but the value was at par with that of lO'^ M GA3. The value obtained 
for 10"^ GA3 was minimum and equal in effect with that for 10"'M GA3 concentration. 
Between 0-40 DAS, increasing levels of sulphur decreased the crop growth rate, 
consequently highest and lowest value were obtained for 0 kg S/ha and 100 kg S/ha 
respectively. Between 40-60 and 60-80 DAS, 25 kg S/ha gave maximum value, while at 
80-100 DAS, 50 kg S/ha gave highest value and was at par with that for 100 kg S/ha. 
Significantly lowest value was recorded for 75 kg S/ha and 100 kg S/ha at 40-60 and 60 -
80 DAS respectively. At 80-100 and 100-120 DAS, 25 kg S/ha gave minimum value. 
There was no clear trend between the interaction of different sulphur treatments 
and soaking concentrations of GA3 at final stage, which resulted in the significant 
interaction at that stage. 
4.3.1.9 Relative growth rate 
Effect of GA3 soaking was significant between 60-80, 80-100 and 100-120 days 
intervals. Application of sulphur had significant impact on relative growth rate at all 
sampling stages. Interaction effect was found to be significant only at 80-100 and 100-
120 DAS (Table 70). 
All the concentrations of GA3 were equal in effect while water soaked control 
gave minimum value which was at par with that of 10"^ M GA3 at 60-80 DAS. Between 
80-100 and 100-120 days interval water soaked control gave significantly maximum 
value while value obtained for lO'^ M was found to be minimum which was equally 
effective with that of 10"^ M GA3. 
Regarding sulphur levels 0 kg S/ha gave maximum value at 0-40 DAS which was 
equal in effect with that for 25 and 50 kg S/ha, while minimum value was noted for 100 
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kg S/ha which was statistically equal with that of 75 kg S/ha. Significantly highest value 
was recorded for 100 kg S/ha at 40-60 and 80-100 DAS and for 75 kg S/ha at 100-120 
DAS. The value obtained for 50 kg S/ha at 60-80 DAS was maximum where it was at 
par with that for 25 and 75 kg S/ha. Treatment 100 kg S/ha gave minimum value at 0-40 
and 60-80 DAS, where it was statistically equal with those for 75 and 0 kg S/ha 
respectively, significantly lowest value was recorded for 0 kg S/ha at 40-60 DAS and for 
25 kg S/ha at 80-100 and 100-120 DAS. 
There was no general trend for interaction for the periods of 80-100 and 100-120 
DAS but the interaction was found to be significant due to exceedingly greater variations 
in the values between treatments. 
4.3.1.10 Net assimilation rate 
Effect of seed soaking in GA3 and impact of different levels of sulphur was 
significant at every sampling stages. Interaction effect was found to be non significant 
(Table 71). 
At initial two sampling stages, GA3 10"^ M gave maximum value which was at 
par with that for 10"^ M GA3 concentration, while control and 10"^ M GA3 gave 
statistically equal values for minimum effect at 40-60 DAS. The values obtained for all 
concentrations of GA3 was found to be equal in effect at 60-80 DAS, where 10"^ M gave 
highest value, while lowest value was recorded for water soaked control. Between 80-
100 days interval water soaked control gave maximum value which was at par with that 
for 10"^ M GA3 concentrations. Minimum value was found in lO'^ M GA3 which was 
statistically equal with that of 10"^ M GA3. Between 100-120 days interval significantly 
highest value was obtained for water soaked control while lowest value was recorded for 
10"^ M GA3 which was equal in effect with that of lO'^ M GA3. 
Sulphur level 100 kg S/ha gave maximum value which was at par with that for 75 
kg S/ha at 0-40 DAS, while minimum value was obtained for 25 kg S/ha. Treatment 25 
kg S/ha was found to be equally effective with that of 50 kg S/ha. At 40-60 DAS, the 
values for NAR responded according to the levels of sulphur where maximum and 
minimum value was recorded for 100 kg S/ha and 0 kg S/ha respectively. Between 60-80 
DAS, treatment 75 kg S/ha gave highest value which was at par with that for 25 kg S/ha, 
while lowest value was recorded for 50 kg S/ha which was statistically equal with those 
for 0 kg S/ha and 100 kg S/ha. Between 80-100 DAS, significantly maximum and 
minimum values were noted for 75 kg S/ha and 25 kg S/ha respectively. Between 100-
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120 DAS, values obtained for 100 kg S/ha and 25 kg S/ha were fovind to be maximum 
and minimum respectively. 
4.3.2 Photosynthetic Parameters 
4.3.2.1 Chlorophyll content 
The effect of soaking in GA3 on light harvesting complex (chlorophyll) was found 
to be significant at 40, 60 and 80 DAS, while the level of sulphur significantly influenced 
the content of chlorophyll at every stage of samplings i.e. at 40, 60, 80 and 100 DAS. 
The interaction effect was significant at 40, 60 and 80 DAS (Table 72). 
All the concentrations of GA3 were equally effective at 40, 60 and 80 DAS, where 
at 40 and 60 DAS 10"^ M GA3 and at 80 DAS, 10"'M GA3 gave highest vahie. 
Significantly lowest value was recorded in water soaked control at these sampling days. 
Maximum value was noted for 25 kg S/ha at 40 and 80 DAS, where the value for 
50 kg S/ha was at par. At 60 and 100 DAS, 50 kg S/ha gave maximum value but was 
equal in effect with that for 25 kg S/ha. Significantly minimum value was given by 
highest level of sulphur treatment i.e. 100 kg S/ha at every sampling stage. 
Interaction between soaking concentrations of GA3 and different levels of sulphur 
elicited identical response for all soaking concentrations at sulphur level of 75 kg S/ha or 
100 kg S/ha at 40, 60 and 80 DAS samplings. At lower sulphur levels chlorophyll 
content was significantly affected by soaking concentrations of GA3. Among different 
interactions, lO'^ M GA3 x 25 kg S/ha proved best at 40, 60 and 80 DAS. 
4.3.2.2 Rate of photosynthesis 
Effect of GA3 concentrations, sulphur levels and their interaction was significant 
at 40, 60, 80 and 100 DAS (Table 73). 
All the concentrations of GA3 used were equally effective at 40, 60 and 100 days. 
However, maximum value for photosynthesis was recorded for 10"^ M GA3 which was 
statistically equal with that for lO'^ M GA3. Thus, individual effect of lO'^ M GA3 was 
best at all stages of sampling for rate of photosynthesis. 
Significantly maximum value was registered for 50 kg S/ha at 40 and 10 DAS, 
while at 60 and 80 DAS, it gave maximum and at par value with that of 25 kg S/ha. 
Values obtained for 100 kg S/ha were significantly minimum at all samphng days. 
A general trend was emerged for the interaction between soaking concentrations 
and basal sulphur levels, at 40, 60, 80 and 100 DAS. All soaking concentrations were 
equal in effect with each other at sulphur level of 75 kg S/ha or 100 kg S/ha. At lower 
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sulphur level, significant response was observed for GA3 concentrations where at initial 
sampling stage (40 DAS) lO'^ M GA3 x 50 kg S/ha gave highest value, which was at par 
with those for I O ' M X 50 kg S/ha and 10"^ M x 50 kg S/ha. At other sampling days i.e. 
60, 80 and 100 DAS lO'^ M GA3 x 25 kg S/ha interaction proved best. 
4.3.2.3 Photosynthetically active radiation 
Photosynthetically active radiation was found to be significantly influenced with 
GA3 soaking and different levels of sulphur at 40, 60, 80 and 100 DAS. Interaction 
between GA3 and sulphur was significant at 40, 80 and 100 DAS (Table 74). 
All the concentrations of GA3 gave statistically equal values for PAR, and 
significantly lowest value was recorded for control at all sampling stages. 
Application of 25 kg S/ha gave, significantly highest value at 40 and 100 DAS. 
But at 60 DAS the values for 25 kg S/ha and 50 kg S/ha at 80 DAS were noted to be 
maximum and at par with each other at these sampling stages. Significantly lowest value 
was found in 100 kg S/ha at 40, 60, 80 and 100 DAS. 
Regarding interaction effect, it was noted that photosynthetically active radiation 
remain unaffected under the soaking influences of different concentrations at higher 
sulphur levels of 75 or 100 kg S/ha. Concentration effect of GA3 was discernible at 
lower levels of sulphur and all the values significantly differed from water soaked 
control. The values recorded for all concentrations of GA3 and 25 kg S/ha and 10"^ M 
GA3 X 50 kg S/ha and 10"^ M GA3 x 50 kg S/ha at 40 DAS, and all concentrations of GA3 
and 25 or 50 kg S/ha at 60 and 80 DAS were statistically equal. At 100 DAS, the effect 
of all concentrations of GA3 and 25 kg S/ha andlO"^M GA3 x 50 kg S/ha proved equal. 
4.3.3 Biochemical parameters 
4.3.3.1 Nitrogen content 
Nitrogen content in plant tissues significantly responded towards GA3 soaking 
treatment and various levels of sulphur at every growth stage, while the interaction effect 
between GA3 and sulphur remained non significant. (Table 75) 
lO'^M GA3 gave maximum value at all growth stages except at 60 DAS, where 
10"*M recorded maximum and all concentrations of GA3 were equally effective at 40 and 
60 DAS. At 100 and 120 DAS, both 10"^ M and 10"*M gave statistically equal values. 
Significantly lowest value was recorded for control at all sampling stages. 
Sulphur level 75 kg S/ha and 100 kg S/ha gave statistically equal values which 
were maximum at all sampling stages. Significantly lowest value was given by control. 
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4.3.3.2 Phosphorus content 
The effect of GA3 soaking was significant at every sampling days, while 
application of various levels of sulphur was noted to be significant at 100 DAS only. 
Interaction effect was found to be non significant (Table 76). 
At all growth stages, significantly maximum value was given by 10"^ M GA3 
while minimum value was obtained for water soaked control treatment which was equal 
in effect with IQ-^ M and lO'^ M GA3. 
At 100 DAS, sulphur level 0 kg S/ha and 50 kg S/ha gave maximum and 
minimum values respectively, while interestingly, both these levels were equally 
effective with 25, 100 and 75 kg S/ha treatments. 
4.3.3.3 Potassium content 
The effect of soaking seeds in different concentrations of GA3 was significant at 
all sampling days, but both, the levels of sulphur and their interactions with GA3 was 
noticed to be non significant. (Table 77) 
A general trend for the effect of GA3 concentrations was observed at every 
growth stage, where 10'' 'M gave maximum value and was statistically equal with lO'^ M 
and 10"^ M GA3 concentrations. Significantly lowest value was noted for water soaking 
control. 
4.3.3.4 Sulphur content 
Sulphur contents of plant tissues was significantly influenced with both GA3 
concentrations and levels of sulphur at every sampling days, while the interaction 
between sulphur and GA3 remained non significant (Table 78). 
At all growth stages, 10"^ M gave maximum value which was equally effective 
with 10"''M at 40, 60 and 120 DAS. The values obtained for water soaked control were 
significantly minimum at 40, 60, 80, 100, 120 DAS. 
Sulphur level 75 and 100 kg S/ha produced at par and gave maximum values for 
sulphur content and minimum values were recorded for control (0 kg S/ha) at every 
sampling stages. 
4.3.3.5 Nitrogen uptake 
The effect of soaking seeds in GA3 concentrations and application of various 
levels of sulphur was significant at all growth stages. Interaction effect was non 
significant (Table 79). 
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Exactly identical trend was noticed for the concentrations effect on nitrogen 
uptake at all sampling days, where, 10"^ gave maximum value and was equal in effect 
with lower concentrations of GA3 i.e. lO'^ M and lO'^ M . Significantly minimum value 
was given by water soaked control. 
At initial stage of sampling (40 DAS), treatment 0 kg S/ha gave maximum value 
and was at par with 25 kg S/ha. Significantly lowest value was recorded for 100 kg S/ha 
at this stage. Sulphur level 25 kg S/ha at 60 and 80 DAS and 50 kg S/ha at 100 and 120 
DAS gave maximum value, while both were equally effective with each other at these 
sampling days. Treatment 100 kg S/ha gave minimum value and was equal in effect with 
75 kg S/ha at 60 and 80 DAS, while significantly lowest value was recorded for 0 kg S/ha 
at 100 and 120 DAS. 
4.3.3.6 Phosphorus uptake 
The effect of GA3 concentrations and sulphur levels were significant at all growth 
stages. Interaction effect was found to be non significant. (Table 80). 
Significantly maximum value was noted for lO'^ M GA3 at every sampling stages 
except at 80 DAS, where it was statistically equal with that for lO'^ M GA3 concentration. 
Significantly minimum value was recorded for water soaked control at all sampling 
stages. 
Increasing levels of sulphur had depressive effect on phosphorus uptake at 40 
DAS. Therefore, sulphur level 0 kg S/ha and 100 kg S/ha gave maximum and minimum 
values respectively. The values recorded for 25 kg S/ha at 60, 80 and 100 DAS and for 
50 kg S/ha at 120 DAS were maximum, while values with those for 25 kg S/ha and 50 kg 
S/ha were statistically equal with each other. Significantly lowest value was noted for 
100 kg S/ha at every growth stage except at 60 DAS, where it was minimum but equal in 
effect with that for 75 kg S/ha. 
4.3.3.7 Potassium uptake 
Uptake of potassium was significantly affected by both GA3 concentrations and 
levels of sulphur at every sampling days. The interaction effect was found to be non 
significant (Table 81). 
Maximum value was recorded for lO'^ M at all growth stages, but at 40 DAS, the 
value was at par with that for 10"^ M GA3 and at 80 DAS all concentrations of GA3 were 
equally effective. Significantly minimum value was given by water soaked control at all 
growth stages. 
84 
o I 
«3 
xn 
X) 
> 
c 
o 
ao 
«j 
c 
s 
CO 
> 
> 
o 
i~ 
K5 
•*-> 
3 
£ 
c 
o 
< 
J 
.sz. ^.^ 
00 M 
,o ^ >--
C C 
£ <=^  
CO a> 
•r- O -
' O. 
D- O 
O 3 
O D. 
o 
00 
x> 
CO 
H 
c 
*i 
o 
0^  
H 
« 
en 
« 
_c 
"5 
E 
R 
VO 
o 
en 
> 
c 
o 
u 
o 
IT) 
IT) 
o 
ON 
ON 
00 
5* 
.—1 
ON 
NO 
00 
• 
f^ 
m 
O 00 
ON 
«0 
— T 1 ro r^ 
m ro <^ fo 
•^  «^ .2 "o 
O 2 ^ 
«» 
« 
o o 
ON 
00 
^ 
m 
•4-
00 
1/1 
00 
od 
00 
O 
d 
ON 
o 
iT) 
ON 
IT) 
ON 
1--' 
• * 
ON 
»- 00 N ON 
O ^ Vi O 
• • • • 
M «« •* vo 
s - ::: 5; 
s .^ 
o< 2 
fNl ON 
t^ 00 
o\ 
o\ 
- ^ O -H © 
'-'N ^ - ^ - ,—I >—( 
t^ r^ IT) 00 f> 
— i^ iri (S O N 
m >/^  '^ NO '^ 
0 
NO 
s 
K 
m 
» — • 
00 
ON 
d 
00 
0 
ON 
NO 
d 
00 
1-H 
ON 
ON 
1—< 
0 
0 
© O O "S 
1-N »-< »—c ic; 
O 
vo 
o 
00 
»n vo o 
V3 
r~ O N 
fo 00 
in cs 
—; f-
00 r-> 
NO 00 
00 
0\ ON 
m 
00 00 wt 
d fo 
00 r-
VD 
-^< 00 >-< 
m O f<^ 
O N NO ON 
t- 00 t-~ 
NO OB t^ ^O O N 
'^ . P 00- ^- ^• 
NO ON O r- O 
00 O N —H I—I ,-( 
f<i iri t^ ( S ^H 
1-H f<^ 
vo NO 
in o 
ON 
iTt NO 
vd vd 
r- 00 
in — 
ON ro 
•rr NO 
t-~ ON 
00 
IT) NO 
O ON '-
NO ON t^ 
^ 00 00 
ON 
00 
UN 
t~-' 
00 
vo 
ON 
ON 
t~-
t^ 
0 
?—« 
0 
»—4 
W-) 
ON 
«r> 
0 
'"' 
• * 
00 
t--' 
ON 
r*^  
T—1 
""^  
ON 
cn 
0 
•—1 
f«^  
0 
<-H 
0 
f4 
• 
• * 
ON 
«n 00 m 
CN) (^  ^ 
iri NO '^ 
»n >n V) 
NO 
NO 
00 
^n © 
r~' O N 
00 t^ 
NO t--' 
ON ON 
00 
00 
in O N 
.— 00 
NO 
o 
NO 
00 
NO o 
NO 
00 r-
c 
^ >^ T S 
O O O 19 
O »-* 1—I •-< C 
e 
Q U 
VD 
VO 
•ri 
VO 
d 
e o 
'•§ 
B 
w 
u S 
o U 
>n 
00 
"^  
00 
I 
Z 
I 
00 
00 
0 
r-
ON 
ON 
in 
ON 
00 
vo 
d 
00 
NO 
NO 
00 
vo 
ON 
00 
00 
00 
0 
00 
00 
d 
0 
o\ 
90 
0 
t^ ON ON »—' 
fO 00 
IT) ON 
O O 
O 
o 
NO NO tN •-' •« 
*-*. d vd r<) <s 
ON O O -^ O 
0 0 '—I r-H ^ »M 
ON 
m 
r-H 
00 
• ^ 
• < ^ 
•«t 
ON 
v\ 
-^
vri ON 
r-
m 
0 
"—1 
vo 00 
t*i ON 
e 
«? « T 2 
O O O 15 
© ^ ^ ^ ^ 
O 
to 
4 3 
£0 
c 
5 
CO 
> 
T 3 
to 
••-> 
I 
c 
o 
<? 
O 
'% 
x: ^^ 
0 0 ao 
«- E 
, 0 w 
c 
(L> 
00 C 
6 0 3 
.E "w 
> wi 
CO 
O 
CO 
t 
U 
O 
CL 
O. o 
O ^ 
00 
CO 
H 
I 
"O 
e i 
s 
CZ3 
«« 
t^ 
o 
I 
I 
I 
O N r « vo V3 
o 0 0 eo o 
f ) f J f ) ' ^ 
vo vo 00 (S oe 
Tt — O ( S ON 
tN CO m m < s 
V5 
o ^ 
0 0 CN 
^O ON 
NO 00 
(N t ~ VO 
m t o K ) 
NO NO ^ 
>—I ( S ON 
•<a- - ^ f o 
0 0 ^ • * 
• ^ 0 0 M 
•<*• -"t • * 
ON ( S «« 
• ^ > /^ ^ H 
• ^ - * " t 
00 O V> IT) 
ve 1-4 i-H ve 
ve 00 0 0 0 0 
r - o NO NO 
NO r~- NO r -
ON 
n 0 0 ^ f s 
^ f O f<^ • * 
O ON - ^ 00 f S 
t ^ 00 00 00 00 
0 0 ^ 
ON 
O N 
00 
ON 
NO • * - ^ NO •/5 
^ • ^ f n Ti- r < 
NO m m ON t - -
- - r<^ 0 0 » n ON 
NO t ^ NO r - vo 
00 o m o < s 
r - »n ^ f s • * 
NO 0 0 O N ON 0 0 
o 
V3 
Q 
m O ( N w-> 
( S r^ r - 0 0 
t ^ ON O N O N i 
r^ ON cN "-^ t -
o <s m o 1—I 
t ^ 00 00 ON 00 
-tj- r<^ oo NO 
r<^ NO NO t - o 
NO 
e M h 
u e OS 
n O O " 3 
rH O « 2 
r«^ t~~ NTi oo o 
NO 00 r~ ON 00 
o o o s s 
0 0 ON 
»rj NO 
0 0 ON 
o Ti-
o m 
O 00 
^ NO 
NO r -
00 yn 
m 0 0 
NO NO 
m m © 
ON ^ l > 
• ^ W-1 - » 
IT) ON O 
CNl m O 
»r) i n i « 
—' NO 00 
t~- O f*^  
i > 0 0 r -
T t OO' 
t o m 
—< o 
NO ""^  
0 \ CS 
(Zl 
•^i ^ i cfl 
2^  :£ Jz 
NO •<* 
NO t-^ ;2; 
B 
O 
- ^ ( S O <^ ON 
t^ r s m --« »f) 
m 00 0 0 0 0 r~ 
r~- ON 00 o 00 
NO r^ ^ »r> t ^ 
i n NO t ^ t-~ NO 
o o o »9 
© - - 1-H 1—I ^ 
m 
© 
HI 
0 0 NO f«^ ,-H 
' < * © » - ( i n 
NO 0 0 00 00 
NO O 00 •"^ © 
ON NO t-~ • * NO 
i n NO NO r-~ NO 
in --" --^ o •* 
^ ^ NO ^ ^ m IfJ 
NO t > 0 0 00 r^ 
i n 
NO 
NO 
m 
o 
ON 
ON 
0 0 
OO 
i n <-i 
o •<* 
ON 00 
r<% r~- •—I ^^ 
ON 0 0 t ^ 00 
0 0 0 0 ON 00 
--^ c s • ^ m »-< 
ON <—< ON O V5 
m 00 t-~ 00 t ~ 
B 
*^  "T' T V 
O © © 15! 
1-N T-X T * « 
Regarding sulphur application effect, potassium uptake decreased as the level of 
sulphur elevated at initial sampling stage (40 DAS), consequently highest and lowest 
values were recorded for 0 kg S/ha and 100 kg S/ha respectively. At remaining sampling 
stages, 25 kg S/ha recorded maximum value, but it was at par with that for 50 kg S/ha at 
80 and 120 DAS. Minimum value of potassium uptake was recorded for 100 kg S/ha at 
all sampling days. 
4.3.3.8 Sulphur uptake 
Effect on uptake of sulphur was significant for seed soaking in GA3 
concentrations and levels of sulphur at all sampling stages. Interaction effect was non 
significant (Table 82). 
Maximum value for S uptake was noted in 10"^ GA3 at every growth stage, but 
it was equal in effect with that for lO'^ M GA3 at 40 DAS, while at remaining sampling 
days i.e. at 60, 80, 100 and 120 DAS, all concentrations of GA3 were equally effective. 
The values obtained for water soaked control were recorded minimum at all samplings. 
At 40 DAS 25 kg S/ha and control gave statistically equal and maximum values. Sulphur 
level 25 kg S/ha gave highest value and was statistically equal with that for 50 kg S/ha at 
60, 80 and 100 DAS while at final sampling stage 50 kg S/ha gave maximum value 
which was at par with both for 25 and 75 kg S/ha. At final sampling stage sulphur level 
25, 50 and 75 kg S/ha gave statistically equal values which were more than given by 100 
kg S/ha. Lowest value was recorded for 100 kg S/ha at 40, 60 and 80 DAS, while 
significantly minimum value was noted for 0 kg S/ha at 100 and 120 DAS. 
4.3.4 Yield parameters 
4.3.4.1 Number of pods/plant 
Number of pods/plant was significantly influenced with both GA3 concentrations 
and different levels of sulphur and the interaction effect was found to be non significant 
(Table 83). 
GA3 concentration of lO'^ M gave maximum value but all concentrations of GA3 
were found to be equally effective and significantly differed from water soaked control. 
Treatment 25 kg S/ha gave maximum value but it was at par with that for 50 kg 
S/ha while sulphur level 100 kg S/ha gave the lowest value for this parameter. 
4.3.4.2 Number of seeds/pod 
Number of seeds / pod was significantly affected by the different levels of sulphur 
only. Treatment 25 kg S/ha gave highest value and was equal in effect with that for 0 kg 
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S/ha and 50 kg S/ha while lowest value was recorded for 100 kg S/ha which was at par 
with that for 75 kg S/ha (Table 83). 
4.3.4.3 1000 seed weight 
The results were found to be non significant (Table 83). 
4.3.4.4 Seed yield 
Concentrations of GA3, various levels of sulphur and interaction between GA3 
and sulphur significantly influenced the seed yield of the crop (Table 84). 
All concentrations of GA3 were equally effective and the values significantly 
differed from water soaked control which was minimum. Among different levels of 
sulphur, treatment 25 kg S/ha gave highest value and was at par with that for 50 kg S/ha. 
Significantly lowest value was found in 100 kg S/ha. 
Regarding interaction between soaking concentrations of GA3 and different 
sulphur levels, it was noted that at 100 kg S/ha all soaking concentrations had equal 
impact on seed yield. In other words, there was no significant difference between 
different soaking concentrations at 100 kg S/ha. However, seed yield was significantly 
influenced by soaking concentrations of GA3 at lower levels of sulphur, where best 
combination was noted for lO'^ M GA3 x 25 kg S/ha (which was equaled by 10"^ M 
GA3 X 25 kg S/ha, lO-^ M GA3 x 25 kg S/ha, lO'V GA3 x 50 kg S/ha, lO'^ M GA3 x 50 
kg S/ha and lO'^ M GA3 x 50 kg S/ha) and significantly differed from any of the other 
interaction. 
4.3.4.5 Biological yield 
Biological yield was influenced by both GA3 concentrations and levels of sulphur 
but no significant impact was observed when these two factors interacted in tandem 
(Table 84). 
Effect of all concentrations of GA3 was equal where lO'^ M recorded maximum 
value while all these concentrations significantly differed form water soaked control, 
which recorded minimum value. 
The value obtained for sulphur level 50 kg S/ha was maximum and was at par 
with that for 25 kg S/ha. Treatment 100 kg S/ha gave significantly minimum value. 
Interaction effect between GA3 concentrations and different levels of sulphur 
produced significant impact on biological yield. At lower levels of sulphur, lO'^ M GA3 
x 25 kg S/ha proved best, where all concentrations of GA3 with 25 or 50 kg S/ha gave at 
par values. 
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4.3.4.6 Harvest index 
Partitioning coefficient which signifies the ratio between seed yield and biological 
yield was found to be influenced with sulphur levels only, while concentrations of GA3 
and their interaction with sulphur did not have any significant effect (Table 84). 
Harvest index was recorded maximum for 0 kg S/ha which was equally effective 
with that of 25 kg S/ha. Sulphur level 100 kg S/ha gave lowest value which was at par 
with that for 75 kg S/ha. 
4.3.4.7 Oil yield 
Oil yield was significantly affected by GA3 concentrations and sulphur levels. 
Interaction effect was found to be non significant (Table 84). 
All concentrations of GA3 were equally effective and differed significantly from 
water soaked control. 
Highest value for oil yield was noted in 25 kg S/ha which was at par with that for 
50 kg S/ha. Significantly lowest value was recorded for 100 kg S/ha. 
4.3.5 Quality parameters 
4.3.5.1 Oil content 
Oil content remain unaltered with either sulphur application, GA3 spray or their 
interactions (Table 85). 
4.3.5.2 Acid value 
Levels of sulphur had significant impact on acid value while GA3 concentrations 
and their interaction with sulphur was found to be non significant (Table 85). 
Sulphur level 0 kg S/ha gave significantly maximum value, while value recorded 
for 50 kg S/ha was lowest. Barring 0 kg S/ha all other treatments of sulphur were equal 
in effect 
4.3.5.3 Iodine value 
The results were found to be non significant (Table 85). 
4.3.5.4 Saponification value 
Saponification value was significantly influenced by sulphur levels only. The 
effect of GA3 and interaction was found to be non significant (Table 85). 
All the levels of sulphur produced equal effect and the values were at par. Lowest 
value was recorded for 0 kg S/ha which was also statistically equal with that for 75 kg 
S/ha 
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4.4 Experiment 4 
This experiment was carried out to examine the effect of foliar applications of 
GA3 (0, 10"^  , 10'' and 10"*M) at 40 DAS (selected in Experiment 2) on mustard, along 
with five levels of basally applied sulphur i.e. 0, 25, 50, 75 and 100 kg S/ha. The 
parameters studied were same as in Experiment 3. The details of the results are given 
below and summarized in Tables 86-113. 
4.4.1 Growth parameters 
4.4.1.1 Plant height 
Effect of GA3 spraying at 40 DAS was significant at 60, 80, 100 and 120 DAS, 
while application of various levels of sulphur was significant at all sampling stages. 
Interaction effect was found to be significant at 60, 80, 100 and 120 DAS (Table 86), 
Spray of GA3 at concentration of 10"^ M gave maximum value at 60, 80 and 120 
DAS, where it was at par with that for lO'^ M GA3. However, at 100 DAS, significantly 
maximum value was recorded for 10"'M GA3 concentration. Water sprayed control 
recorded significantly minimum value at 80 and 120 DAS, while it registered equal value 
with lO'^ M GA3 spray at 60 DAS and with 10"*M and 10"*M GA3 spray at 100 DAS. 
Application of 25 kg S/ha recorded significantly highest value at 80 DAS. At all 
other remaining sampling stages, 25 kg S/ha gave highest value but was equal in effect 
with that of 50 kg S/ha at 40, 100 and 120 DAS and with that of 0 kg S/ha at 60 DAS. 
Significantly minimum value was obtained for 100 kg S/ha at 80, 100 and 120 DAS, 
while at 40 and 60 DAS, it recorded lowest value and was at par with that for 75 kg S/ha. 
Regarding interaction effect, it was noted that at lower levels of sulphur, plant 
height was significantly influenced with GA3 concentrations. However, at higher levels 
of sulphur i.e. at 75 kg S/ha or 100 kg S/ha, thei'e was no significant difference between 
different concentrations of GA3 and water soaked control at 60, 80, 100 and 120 DAS 
sampling. 
4.4.1.2 Plant dry weight 
The effect of GA3 concentrations was significant at all stages except 40 DAS, 
where interaction between GA3 and sulphur application was significant at 80, 100 and 
120 DAS. However, application of sulphur levels was significant at all sampling days 
(Table 87). 
Spray concentration of 10"^ M GA3 and IC^M GA3 gave maximum value at 60 
and 120 DAS respectively, but the values obtained in all concentrations of GA3 were 
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statistically equal at these sampling days. At 80 and 120 DAS, 10"^ GA3 gave highest 
value and was at par with that for lO'^ M GA3. Significantly minimum value was noted 
in water sprayed control at 60,100 and 120 DAS, while at 80 DAS, water sprayed control 
gave lowest value and was equal in effect with that of lO'^ M GA3 concentration. 
Regarding effect of basal sulphur levels, significantly maximum value was noted 
for 0 kg S/ha at 40 DAS and 25 kg S/ha at 60 and 80 DAS. But, 25 kg S/ha at 100 DAS 
and 50 kg S/ha at 120 DAS recorded maximum value and were equally effective with 
each other at these samplings. Treatment 100 kg S/ha gave significantly minimum value 
at all sampling stages except at 60 DAS where it was at par with that for 75 kg S/ha. 
Spraying concentrations of GA3 and different levels of sulphur interacted with 
each other to produce equal values of plant dry weight at sulphur levels of 75 kg S/ha or 
100 kg S/ha, irrespective of spraying concentrations at 80 and 100 DAS samplings. At 
lower levels of sulphur higher concentrations of GA3 i.e. lO'^ M or lO'^ M produced 
higher plant dry weight than 10"^ GA3 or water sprayed control. Among various 
interactions, lO'^ M GA3 x 25 kg S/ha (being equalled by 10"^ M GA3 x 25 kg S/ha) at 80 
DAS and IQ-^ M GA3 x 25 kg S/ha and lO"' or IQ-^ M GA3 and 50 kg S/ha at 100 DAS 
proved best. 
4.4.1.3 Dr>' weight of plant parts 
4.4.1.3.1 Leaf dry weight 
Spraying of GA3 significantly affected leaf dry weight at 60, 80 and 120 DAS 
while effect of sulphur level was significant at all growth stages. Interaction between 
GA3 and levels of sulphur was significant at 60, 80 and 120 DAS (Table 88). 
All concentrations of GA3 were equally effective at 60 DAS, and here lO'^ M GA3 
gave maximum value. At 80 DAS, 10"''M recorded highest value and was at par v^th 
that for 10"*M GA3 concentrations. Significantly highest value was recorded for water 
sprayed control at final stage of sampling. The effect of this treatment (water spray) gave 
significantly minimum value at 60 and 80 DAS. At 120 DAS, 10"^ M GA3 registered 
lowest value, where effect of lO'^ M GA3 was statistically equal with that of lO'^ M GA3. 
At initial stage of sampling (40 DAS) increasing levels of sulphur decreased the 
leaf dry weight, hence the highest and lowest value was recorded for 0 kg S/ha and 100 
kg S/ha respectively. Treatment 25 kg S/ha at 60 and 80 DAS and 50 kg S/ha at 100 and 
120 DAS recorded significantly highest value. At 40, 60, 80 and 100 DAS significantly 
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lowest value was obtained for 100 kg S/ha while at final stage of sampling (120 DAS) 0 
kg S/ha gave significantly minimum value. 
Interaction between GA3 spraying and different levels of sulphur exhibited that 
leaf dry weight was significantly influenced by different spraying concentrations of GA3 
at lower sulphur levels. But at higher sulphur levels i.e. at 75 kg S/ha or 100 kg S/ha all 
concentrations of GA3 were equally effective at 60, 80 and 120 DAS. 
4.4.1.3.2 Stem dry weight 
Effect of concentrations of GA3 spray was significant at 60, 80, 100 and 120 
DAS, while effect of sulphur levels was significant at all sampling stages. Interaction 
between GA3 and sulphur was non significant (Table 89). 
Concentrations lO'^ M GA3 at 60 DAS and 10"'M at lOODAS registered highest 
value but both were equal in effect with each other at these sampling days. 
Concentrations lO'^ M GA3 at 80 DAS and lO'^ M GA3 at 120 DAS gave maximum value 
but at these growth stages, all concentrations of GA3 i.e. lO'^M, lO'^ M and lO'^ M gave 
statistically equal values. Significantly lowest value was recorded for water sprayed 
control at all sampling days. 
Sulphur level at 50 kg S/ha at 40 DAS and 25 kg S/ha at 60 and 120 DAS gave 
significantly maximum value, while value noted for 25 kg S/ha at 80 DAS was maximum 
and equally effective with 0 kg S/ha at 80 DAS and 50 kg S/ha 100 DAS. Significantly 
minimum value for stem dry weight was recorded in 100 kg S/ha at 40, 60, 80 and 120 
DAS, while at 100 DAS, 75 kg S/ha registered minimum value and was at par with that 
for 100 kg S/ha. 
4.4.1.3.3 Pod dry weight 
Pod dry weight was noted to be significantly influenced by GA3 spray at 100 and 
120 DAS, but effect of sulphur level was significant at all sampling days (80, 100 and 
120 DAS). The interaction effect was found to be significant at 100 and 120 DAS (Table 
90). 
GA3 concentration of 10"^ M at 100 and 120 DAS gave maximum value and was 
statistically equal with that for 10"^ M GA3 at these samplings. Water sprayed control 
gave significantly minimum value at 100 DAS, while at 120 DAS, water spray noted 
lowest value but was equal m effect with that of lO'^ M GA3. 
Application of sulphur level at 0 kg S/ha at 80 DAS and 25 kg S/ha at 100 DAS 
gave significantly maximum value, and the effect of 50 kg S/ha at 120 DAS was 
90 
•a 
e 
tS 
c 
o 
k-
3 
3 
(U 
> 
CO 
171 
X I 
> 
c 
o 
I— 
00 
c 
5 
a 
> 
> 
c3 
1/3 
3 
e 
c 
o 
en 
< 
Q 
o 
ao 
o -
00 
X ! 
o 
c 
en 
ex] 
"5 
e 
es 
CZ5 
o 
-"St 
S 
en 
S 
o 
f ) e o e 
Tt ,H VJ NO 
• • • • 
1/^  \0 \0 VO 
t > { S C<^  ^ 
VO • * t-^ f .^ 
' •<a- < ^ ^ m 
O f-^  m r o ^ 
VD ( S CN t-- • ^ 
T f •^' '^' • ^ ^ 
O in 00 r~ (S vo O (S 
vd vd t^ '•d 
e 
o 
W-) 00 VO 
ON r -
o ^ 
o 
o 
VO r - Os ON 0 0 
VO w-> (N ^ 
O m m t~-
NO r~^  00 00 
Tf f<^ VJ O 
<S i-J f4 ' ^ 
«s ri r i «s 
ON t ^ ON ^ 
t~- 00 r- oo 
o o d o 
00 
o t^ o oo o 00 o 0 \ — CN) d r-I ^ -^ »-
NO 
t ^ 00 
NO C4 
CN m rn f*^  f i 
CN| 
(NJ csi 
CN| 
ri 
00 
(N 
ON 
ON 
rJ 
00 
(N CN ( S (N <S 
5 I 1 S w 
C 
o o o 2 1^  
ON 
o 
NO 
o 
fS 
ON 
d 
«s 
vn 
CN 
^ 
CN 
NO 
C^ 
1^ 
O 
CS 
1 — t 
00 
ON 
NO 
CS 
oo 
NO 
CS 
NO 
CN 
V3 
00 
d 
CS 
CS 
CS 
oo 
CS 
CJN 
00 
CS 
00 
oo 
CS 
ON 
<s 
00 
00 
c^ ; 
ON 
CS 
IN 
• * 
ON 
CS 
CS 
f<1 
oo" 
CS 
CN| 
00 
d 
CS 
CO 
00 
d 
fS 
1-H 
«S 
ON 
ON 
r4 
ON 
© 
<S 
o 
00 
oe 00 o 
ev © o ^ 
00 NO 
NO 
NO >—' 
»—I NO 
o< 
00 
o ON 
CS CS 
oo o 
d CS 
CS NO 
C?\ 
NO 
00 
00 
ON O 
r^ NO 00 CNI 
CS Tf T)- (^ 
o -^ ^ r-; 
00 
oo 0 0 00 00 0 0 
o 
NO 
CNl 
O N 
ON 
ON 
o 
00 
in 
*n 
u 
O '— CS CS ^ 
e 
« «? -^  2 
o © o 15 
O —< !-< »-H ^ 
00 
NO 
C/2 CN r r • ^ 
g 22 ^ 
© 
10 -H 
m NO 
ON r o 
e o 
li! 
Z 
(/3 
z 
03 
z 
e 
© 
fN« 
ON 
NO 
CS 
CS 
IT) 
CS 
•* 
t~--" 
CS 
ON 
CS 
CS 
CS 
CS 
<N 
CS 
0 
ON 
CS 
00 
VD 
CS 
NO 
d 
CS 
0 
00 
CS 
0 
d 
en 
CS 
CS 
NO 
CS 
CS 
CS 
CS 
IT) 
CS 
in 
ON 
(N 
CS 
r4 
CS 
*n 
© 00 
CS ^ 00 CS »H 
r r ON m ^ - r ^ 
t~^ O N d ^ ON 
CS CS f<i m CS 
CN 
XT 
CS 
NO 
NO 
CS 
00 
CS 
00 
CN CS 
B 
« >n >^  S 
© © © 15 
1—I T - l <—I I C 
op 
•o o a. 
c 
o 
l - l 
3 
3 
in 
X ) 
> 
C 
o 
0 0 
eC 
c 
2 
> 
> 
u 
• * - > 
1/3 
3 
E 
o 
< 
Q 
o 
O 
o -
0 0 
o c 
o 
O N 
x> 
CO 
C 
• MM 
O 
« 
Q 
•o 
Ml 
E 
R 
C/3 
O 
o 
© 
00 
t 
> 
s 
e 
^ 5 O S 2 
e 
IT) 
O 
B 
OS 
o 
o 
o 
I 
s 
0 0 
00 
vq 
so 
ON 
o 
vd 
ON 
o 
O 
CN) 
o 
t o 
0 0 
o 
r i 
ON 
t ^ 
t— 
oo 
ON 
CS — 
CS 
i n 
CS 
CS 
CO 
CO 
•<1-
rn 
CS 
O N 
o 
ON 
O 
en 
00 
IT) 
ON 
00 
CNl 
CS 
00 
(S 
e 
CS 
NO 
CS 
ON 
VO 
NO 
o 
00 
00 
NO 
CXI 
CS 
O N 
en 
( S 
o 
CO 
00 
0 0 
oo 
CS — —I ^ »H 
o 
—' CS 
© — ^ 
© 
00 
CO 
CS 
00 
CS 
B 
ce 
•ft 
•ti-
es 
Q 
o 
•s 
NO 
s 
o 
00 
o 
CS 
tti 
o 
00 
CS 
iri 
i n 
VO 
i n 
NO 
NO 
CS 
ON 
o 
en 
CS 
o 
o 
V3 
ON 
• ^ 
m 
NO 
O N 
O 
CS 
00 
0 0 
ON 
ON' 
NO 
o< 
i n 
NO 
NO 
CS 
NO 
ve 
• * 
S8 
e 
e e 
U 
o 
NO 
L« t 
c. 1 
VO 
«S 
1 
w S 
CO 
«n 
NO 
CS 
m 
m 
o 
CS 
•<3-
m 
O N 
i n 
NO 
o in 
o 
CO 
V ) 
00 
CO 
« 
00 
CS 
CO 
00 
CO 
0 0 
»n 
© ^ 
t 
© 
e 
CQ 
2 2 S 
statistically equal with that of 25 kg S/ha. Significantly minimum value was obtained for 
100 kg S/ha at 100 and 120 DAS while at 80 DAS, 100 kg S/ha recorded lowest value 
and was at par with that for 75 kg S/ha ti'eatment. 
Among different interactions, lO'^ M GA3 x 25 kg S/ha proved best and gave 
significantly maximum value for any of the combination at 100 DAS. However, at 120 
DAS I O ' M GA3 X 25 kg S/ha proved best which was equal in effect with any of the 
concentrations of GA3 and 50 kg S/ha. At higher sulphur levels i.e. at 75 kg S/ha or 100 
kg S/ha all spraying concentrations had equal impact on pod dry weight. 
4.4.1.4 Per cent distribution of dry weight 
4.4.1.4.1 Leaf 
Effect of GA3 spraying was significant at 60, 100 and 120 DAS. AppUcation of 
various levels of sulphur significantly affected the per cent allocation of leaf dry weight 
at all samplings. Interaction between GA3 and sulphur was found to be non significant 
(Table 91). 
GA3 spraying at lO'^ M gave highest value and was equal in effect with all the 
lower concentrations of GA3 at 60 DAS and 80 DAS. The values recorded for water 
spray control was significantly highest at 100 and 120 DAS. Spraying of water at 60 
DAS gave minimum value but was at par with that for 10"^ M GA3. At 100 and 120 DAS, 
all concentrations of GA3 were equally effective and where lO'^ M concentrations of GA3 
registered lowest value. 
At first sampling stage increasing levels of sulphur had depressive impact on per 
cent distribution of dry weight towards leaves, so, 0 kg S/ha and 100 kg S/ha gave highest 
and lowest values respectively. At 60 and 80 DAS, 25 kg S/ha gave maximum value and 
was statistically equal with that for 0 kg S/ha. Application of 75 kg S/ha at 100 DAS and 
50 kg S/ha at 120 DAS gave maximum value and both these treatments were equally 
effective with each other at these sampling days. At 40, 60 and 80 DAS, sulphur level 
100 kg S/ha gave significantly lowest value. Treatment 0 kg S/ha gave significantly 
minimum value at final stage of sampling, but at 100 DAS it was lowest in effect but was 
at par with that for 25 kg S/ha. 
4.4.1.4.2 Stem 
The response of per cent distribution of dry weight towards stem under the 
influence of GA3 spraying was significant only at 80 DAS. The effect of sulphur 
91 
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application was significant at 40, 60, 80 and 100 DAS, while interaction between sulphur 
and GA3 proved to be non significant at all sampling stages (Table 92). 
At 80 DAS maximum value was recorded for water spray control which was 
equal in effect with that of 10"*M GA3. GA3 (lO'^M) gave minimum value, but all 
concentrations of GA3 were statistically equal. 
Sulphur level 100 kg S/ha recorded significantly maximum value at 40, 80 and 
100 DAS. At 60 DAS, this level of sulphur gave highest value but it was equal with that 
for 75 kg S/ha. At 40DAS, sulphur level 0 kg S/ha gave lowest value and was at par with 
that for 25 kg S/ha, At 60, 80 and 100 DAS, 25 kg S/ha recorded minimum value, but it 
was statistically equal with those for 0 and 50 kg S/ha at 60 DAS, 0 kg S/ha at 80 DAS 
and with 75 kg S/ha at lOODAS. 
4.4.1.4.3 Pod 
Spraying of GA3 was significant at 80 and 100 DAS, appUcation of sulphur 
produced a significant effect at 80, 100 and 120 DAS. Interaction effect between GA3 
and sulphur was non significant (Table 93). 
All concentrations of GA3 were equally effective at both the stages where lO'^ M 
at 80 DAS and 10"''M at 100 DAS gave the maximum value. Significantly lowest value 
was registered for water sprayed control. 
Sulphur treatment 0 kg S/ha gave highest value at 80 DAS and was at par with 
that for 25 kg S/ha. But at 100 DAS, there was an associated decrease in the per cent dry 
weight with increasing levels of sulphur, hence maximum and minimum value was 
recorded for 0 kg S/ha and 100 kg S/ha respectively. At maturity, significantly highest 
value was recorded for 0 kg S/ha treatment. Significantly lowest value was noted for 100 
kg S/ha at 80 DAS and 100 DAS, but at 120 DAS it gave minimum value and was equal 
with that for 50 and 75 kg S/ha treatment. 
4.4.1.5 Leaf area 
Effect of GA3 spray on leaf area was significant at 60, 80, 100 and 120 DAS, 
application of sulphur was significant at all sampling stages. Interaction between GA3 
and sulphur was significant for 60, 80, 100 and 120 DAS (Table 94), 
All concentrations of GA3 spray were equally effective at 60 DAS, where lO'^ M 
GA3 recorded maximum value. At 80 DAS, lO'^ M GA3 gave maximum value and was 
at par with that for 10"^ M GA3. Significantly highest value for 10" 'M GA3 at 100 DAS 
and water sprayed plants at 120 DAS was noted. Significantly lowest value was recorded 
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for water spray control at 60 and 100 DAS, but at 80 DAS, it gave minimum value and at 
par with that for 10"^ GA3. At 120 DAS all concentrations of GA3 were statistically 
equal. 
Application of 0 kg S/ha gave highest value and was equal with that for 25 kg 
S/ha at 40 DAS. Significantly maximum value was obtained for 25 kg S/ha at 60 DAS 
and 50 kg S/ha at 120 DAS. Sulphur level of 25 kg S/ha gave maximum value at 80 and 
100 DAS, and the value was equal with that for 50 kg S/ha at these sampling days. 
Significantly lowest value was recorded for 100 kg S/ha at 40, 60, 80 and 100 DAS, and 
at maturity, 0 kg S/lia gave minimum value. 
Leaf area of the crop significantly reciprocated to the interaction between GA3 
spraying concentrations and various sulphur levels. Among different combinations, 10"' 
M GA3 X 25 kg S/ha proved best at 60, 80 and 100 DAS, but at 120 DAS, lO'^ M GA3 x 
50 kg S/ha gave significantly maximum value and differed fi"om all other interactions. At 
higher levels of sulphur i.e. at 75 kg S/ha or 100 kg S/ha, there was no significant 
difference between different concentrations of spraying for leaf area at 60, 80, 100 and 
120 DAS samplings. 
4.4.1.6 Specific leaf area 
Spraying of GA3 concentrations were significant only at 100 DAS, while 
treatment consisting of various levels of sulphur was significant at all growth stages. 
Interaction between GA3 and sulphur was significant at 100 DAS sampling stage (Table 
95). 
Specific leaf area was noted to be maximum in 10"^ M GA3 concentrations. The 
value obtained for this treatment was equal with that for 10"'M GA3. Significantly 
minimum value was obtained for water spray control. 
At 40 DAS sampling, 100 kg S/ha gave maximum value and was statistically 
equal with those for 75 kg S/ha, 50 kg S/ha and 25 kg S/ha treatments. At 60 DAS, 75 kg 
S/ha recorded maximum value and was at par with that for 100 kg S/ha. Sulphur level 
100 kg S/ha gave highest value at 80 and 120 DAS and was equally effective with those 
for 75 kg S/ha at 80 DAS and with 0 kg S/ha and 25 kg S/ha at 120 DAS. Sulphur 
treatment of 0 kg S/ha gave maximum value at 100 DAS and was at par with that for 25 
kg S/ha. Significantly lowest value was recorded for 0 kg S/ha at 40 and 60 DAS, but at 
80 DAS, it gave minimum value but was equally effective with that of 25 kg S/ha. At 
100 DAS, the value obtained for 100 kg S/ha was lowest among all treatments. At fmal 
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sampling, 50 kg S/ha gave lowest value and was equal with those for 75 and 25 kg S/ha 
treatments. 
At 100 DAS sampling, interaction between spraying concentrations of GA3 and 
various levels of sulphur exhibited an equal response from all spraying concentrations at 
100 kg S/ha. 
4.4.1.7 Specific leaf weight 
Specific leaf weight was significantly influenced by concentrations of GA3 
spraying at 80 and 100 DAS only. But the application of sulphur had significant impact 
at 40, 60, 80 and 100 DAS sampling stages. Interaction effect was found to be non 
significant (Table 96). 
All concentrations of GA3 spray were equal in their effect at 80 and 100 DAS, 
where lO'^ M GA3 gave maximum value at 80 DAS and control gave minimum value. 
Significantly maximum value was given by water spray control at 100 DAS. 
With regard to effect of sulphur levels, significantly highest value was obtained 
for 0 kg S/ha at 40 and 60 DAS, while it recorded maximum value at 80 DAS which at 
par with that for 25 kg S/ha. Sulphur level at 100 kg S/ha produced highest value at 100 
DAS, which was equal to that for 75 kg S/ha. Treatment 100 kg S/ha gave minimum 
value at 40 and 80 DAS which was statistically equal with that for 75 kg S/ha at 80 DAS 
and 25, 50 and 75 kg S/ha at 40 DAS. Minimum value was obtained for 75 kg S/ha at 60 
DAS which was equal to that for 100 kg S/ha while at 100 DAS, 0 kg S/ha gave lowest 
value and was at par with that for 25 kg S/ha. 
4.4.1.8 Crop growth rate 
Effect of concentrations of GA3 spray was significant from 40 DAS onwards, 
application of sulphur levels was significant for all sampling stages. Interaction effect 
was found to be significant from 60 DAS onwards (Table 97). 
Between 40-60 DAS, all concentrations of GA3 were equally effective, where 10' 
•^ M gave maximum value. Between 60-80 DAS, maximum value was recorded for 10' 
V GA3 which was at par with that for lO'^ M GA3 concentrations. At 80-100, and 100-
120 DAS, significantly highest value was noted lO'^ M GA3. Significantly lowest value 
was recorded for water spray control at 40-60 DAS, but it was minimum and at par with 
that for 10"^ M GA3 at 60-80DAS. Between 80-100DAS, 10"^ M GA3 and at 100-120 
DAS, 10"'M GA3 gave lowest value and both these concentrations were equal in effect 
with each other during these time intervals. 
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Regarding sulphur levels, 0 kg S/ha gave significantly maximum value at 0-40 
DAS, whereas between 40-60 DAS significantly highest value was registered for 25 kg 
S/ha which was also maximum between 60-80 DAS, but this value was at par with that 
for 50 kg S/ha treatment. Sulphur level 50 kg S/ha between 80-lOODAS and 75 kg S/ha 
between 100-120 DAS gave significantly highest values. Minimum vdue was registered 
for 100 kg S/ha which was either statistically equal with that for 75 kg S/ha at 0-40 and 
40-60 DAS or differed significantly from other treatments at 60-80 DAS. At 80-100 and 
100-120 DAS, the two concentrations 0 and 25 kg S/ha produced equal effect in giving 
minimum values. 
Interaction between spraying concentrations and various levels of sulphur resulted 
into a peculiar situation of extreme responses of lowest and highest values at 100 kg S/ha 
for spraying concentrations of 10"^ M at 60-80 and 80-100 days interval respectively. At 
both these time intervals, all GA3 spraying concentrations at 75 kg S/ha and water spray, 
lO'^ M and 10"'*M GA3 spray at 100 kg S/ha were equally effective. In general at all 
sampling interval there was no clear trend for the interaction on crop growth rate, either 
at lower or higher level of sulphur. 
4.4.1.9 Relative growth rate 
Concentrations effect of GA3 spray was found significant from 40 DAS onwards. 
Application of sulphur had significant impact on relative growth rate between every 
sampling duration. Interaction effect was found to be significant between 40-60, 60-80, 
80-100 and 100-120 DAS (Table 98). 
All concentrations of GA3 were equally effective between 40-60 DAS and lO'^ M 
gave highest value. At 60-80 DAS, 10'' 'M GA3 recorded maximum value which was at 
par with that for 10"^ M GA3. During 80-100 DAS, 10"^ M GA3 registered maximum 
value which was at par with that for water spray (control), whereas it (10"^M ) gave 
significantly highest value between 100-120 DAS. Significantly lowest value was 
recorded for water spray control at 40-60DAS. Water spray control and lO'^ M gave 
statistically equal values for minimum effect at 60-80 DAS. The two concentrations, 
lO'^ M and 10"V gave at par values at 80-100 and 100-120 DAS which were minimum. 
Sulphur treatment at 0 kg S/ha gave highest value which was at par with those for 
25 and 50 kg S/ha at 0-40DAS. Between 40-60 DAS, 100 kg S/ha recorded maximum 
value which was equal to that for 75 kg S/ha significantly maximum values were 
obtained for 50 kg S/ha, 100 kg S/ha and 75 kg S/ha at 60-80, 80-100 and 100-120 DAS 
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respectively. Minimum value of CGR was recorded for 100 kg S/ha which was at par 
with those for 75 kg S^a and 0 kg S/ha, at 0-40 and 60-80 DAS respectively. 
Significantly lowest value was noted for 0 kg S/ha at 40-60 DAS and for 25 kg S/ha 
between 80-100 and 100-120 DAS. 
Regarding interaction effect, it was noted that at 100 kg S/ha, spraying 
concentrations of lO'^ M GA3 recorded significantly minimum and maximum values 
between 60-80 and 80-100 DAS period respectively. Barring this deviation, all 
concentrations of GA3 spraying were equally effective at higher sulphur levels. In 
general' no clear trend for the responses of interactions on relative growth rate was 
observed. 
4.4.1.10 Net assimilation rate 
The effect of spraying of different concentrations of GA3 was found to 
significantly influence the net assimilation rate at time intervals 40-60, 60-80, 80-100 and 
100-120 DAS. Effect of sulphur levels was significant at all time intervals. The 
interaction effect was significant for the period from 40 DAS onwards. (Table 99). 
Between 40-60 DAS, all concentrations of GA3 were equal in effect where lO'^ ^M 
GA3 gave maximum value. At 60-80 DAS, lO'^ M GA3 gave highest value which was at 
par with that for lO'^ M GA3. GA3 concentrations lO'^ M gave maximum value for time 
intervals 80-100 and 100-120DAS. However, the value at 80-100 DAS was statistically 
equal with that for control. Significantly minimum value was obtained for water sprayed 
control treatment at 40-60 DAS. However, at 60-80 DAS, lO'^ M GA3 gave minimum 
value which was at par with that for water spray. The lowest value recorded for 10"^ M 
and 10"'M GA3 were statistically equal at 80-100 and 100-120 DAS interval. 
Regarding sulphur level, maximum value was obtained for 100 kg S/ha at 0-40, 
40-60 and 80-100 DAS. The value obtained for this treatment at 0-40 DAS was 
statistically equal with that for 75 kg S/ha At sampling stages 60-80 and 100-120 DAS, 
the treatment 75 kg S/ha registered max.'mum value which differed significantly from 
other values. Treatment 0 kg S/ha significantly gave lowest value at 40-60 and 60-80 
DAS. Similarly, significantly minimum value was noted with 25 kg S/ha at the final two 
stages. The values obtained for 0, 25 and 50 kg S/ha gave statistically equal and 
minimum values at 0-40 DAS. 
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Extremely varied responses were noticed for the interaction effect on net 
assimilation rate. So, there was not any pattern evolved for the combination of the 
treatments from 40 days onwards. 
4.4.2 Photosynthetic parameters 
4.4.2.1 Chlorophyll content 
Chlorophyll content was noted to be significantly perceptive towards GA3 
concentrations at 60, 80 and 100 DAS, effect of sulphur level was significant at all 
sampling stages. The interaction effect between GA3 concentrations and sulphur was 
significant at 60,80 and 100 DAS (Table 100). 
Maximum value was recorded for lO^M GA3 at 60 and 80 DAS, which were 
equal with that for 10"'M GA3 concentration, while at lOODAS, all concentrations of 
GA3 were equal in effect but lO'^ M GA3 gave highest value. Significantly minimum 
value was noted for water sprayed control treatment at 100 DAS, but at 60 and 80 DAS, 
it was lowest and at par with that for 10"^ M GA3. 
Values recorded for 25 and 50 kg S/ha were statistically eaual and registered 
maximum effect at all sampling stages. Significantly lowest value was noted for 100 kg 
S/ha at ail sampling stages. 
At higher levels of sulphur i.e. at 75 kg S/ha and 100 kg S/ha at 60, 80 and 100 
DAS samplings, however, no significant difference in contents of chlorophyll could be 
noticed between different spraying concentrations. A significant changes was observed 
in chlorophyll contents in response to the interaction effect at lower levels of sulphur 
where lO'^ M GA3 x 25 kg S/ha proved best at 60, 80 and 100 DAS. 
4.4.2.2 Rate of photosynthesis 
Rate of photosynthesis was significantly influenced by spraying of different 
concentrations of GA3 at 60, 80 and 100 DAS. Effect of sulphur levels was significant at 
all sampling stages. Interaction effect was significant at 60, 80 and 100 DAS (Table 
101). 
Statistically equal values with maximum effect for 10'^  and 10"^ M GA3 were 
noted at 60 and 80 DAS, whereas values for all concentrations of GA3 were at par and 
differed significantly with control which showed minimum value. At 60 and 80 DAS 
also significantly lowest value was registered for control. 
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Regarding sulphur level, two treatments 25 and 50 kg S/ha had equal impact and 
the values given by them were statistically equal at all stages and maximum. 
Significantly lowest value was given by 100 kg S/ha at all sampling stages. 
Interaction between spraying concentrations and various levels of sulphur resulted 
into equal response from all spraying concentrations at sulphur levels of 75 kg S/ha and 
100 kg S/ha at all sampling stages. Similar to that of chlorophyll contents, the trend on 
rate of photosynthesis was observed, where among various interactions 10"^ M GA3 x 25 
kg S/ha proved best at 60, 80 and 100 DAS. 
4.4.2.3 Photosynthetically active radiation 
The effect of GA3 spraying concentrations, sulphur levels and their interactions on 
PAR were similar to the impact observed in chlorophyll content and rate of 
photosynthesis. So, the effect of GA3 was significant at 60, 80 and 100 DAS, while 
sulphur level was significant at all sampling days and the interactions effect between GA3 
and sulphur were observed significant for 60, 80 and 100 DAS (Table 102). 
Maximum value was recorded for lO'^ M GA3 at 60 DAS, and for 10"^ M GA3 at 
80 and 100 DAS, but both these concentrations were equally effective with each other, 
giving at par values, at these sampling days. Water sprayed control treatment gave 
significantly minimum value at 60, 80 and 100 DAS. 
Sulphur level at 25 kg S/ha gave maximum value at 40 and 100 DAS, while at 80 
DAS, value obtained for 50 kg S/ha was highest, but the values for both these treatments 
were statistically equal with each other at these respective sampling days. At 60 DAS, 
significantly maximum value was noted for 25 kg S/ha. Significantly lowest value was 
recorded for 100 kg S/ha at all sampling days. 
At 60, 80 and 100 DAS samplings, interception of effective radiation from sun 
was found to be remain unaffected irrespective of the spraying concentrations at sulphur 
levels 75 kg S/ha and 100 kg S/ha when the combinations of these treatments interacted 
together. However, at lower sulphur levels, higher concentrations of GA3 (lO'^M GA3 or 
10"^ M GA3) significantly influenced the PAR. 
4.4.3 Biochemical parameters 
4.4.3.1 Nitrogen content 
Nitrogen content of plants was significantly reciprocated towards sulphur 
application at all sampling stages. The effect of GA3 and its interaction with sulphur was 
non significant (Table 103). 
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Maximum value was recorded for 75 kg S/ha at 40 and 120 DAS, and for 100 kg 
S/ha at 60, 80 and 100 DAS. The value for sulphur level 75 kg S/ha was statistically 
equal with that for 100 kg S/ha at all growth stages. Significantly smallest value was 
noted in 0 kg S/ha at 60, 80, 100 and 120 DAS, while it was minimum at 40 DAS, but at 
par with that for 25 and 50 kg S/ha. 
4.4.3.2 Phosphorus content 
Effect of GA3 was significant only at 80 DAS, while levels of sulphur and their 
interaction with GA3 remain non significant for phosphorus content at all growth stages 
(Table 104). 
Significantly maximum value was given by 1 0 ' ' M GA3 concentration at 80 DAS, 
while value obtained for lO'^ M was lowest and was statistically equal with those for 
water sprayed control and 10"^ M GA3 concentrations. 
4.4.3.3 Potassium content 
Potassium content was only affected with GA3 spraying concentrations at 100 
DAS, while the levels of sulphur and their interaction with GA3 was non significant at all 
sampling daj^ s (Table 105). 
Similar response to phosphorus content was observed for potassium content at 
100 DAS towards GA3 spraying, where significantly maximum value was recorded for 
10"^ M GA3 and 10"*M gave minimum value, which was equal with that for water 
sprayed control and lO'^ M GA3 concentrations. 
4.4.3.4 Sulphur content 
Content of sulphur in plant tissues responded towards sulphur levels at all growth 
stages while concentrations of GA3 and their interaction with sulphur was non significant 
(Table 106). 
Sulphur level 75 kg S/ha at 40 and 120 DAS gave maximum value but the value 
was at par with that for 100 kg S/ha at 40 DAS and 100 and 50 kg S/ha at 120 DAS. The 
treatment 100 kg S/ha gave maximum value at 60, 80 and 100 DAS, but the value was at 
par with 75 kg S/ha. Significantly lowest value was recorded for 0 kg S/ha at all 
sampling days. 
4.4.3.5 Nitrogen uptake 
Uptake of nitrogen was significantly affected with various sulphur levels at all 
growth stages, while concentrations of GA3 spray and their interaction with sulphur was 
significant for 60, 80, 100 and 120 DAS (Table 107). 
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All concentrations of GA3 were equally effective at 60 and 120 DAS, where 10" 
' M GA3 gave maximum value. At 80 and 100 DAS, the value obtained for lO"^ GA3 
was highest and at par with that for lO'^ M GA3 at these stages. Minimum value was 
recorded for water sprayed control treatment at every growth stage and was statistically 
equal with lO'^ M GA3 at 80 and 120 DAS. 
Application of sulphur at 25 kg S/ha gave maximum value at 40, 60, 80 and 100 
DAS, which was equal in effect with that of 0 kg S/ha at 40 DAS and with 50 kg S/ha at 
60, 80 and lOODAS. Significantly highest value was recorded for 50 kg S/ha at final 
samphng stage. Minimum value was noted in 100 kg S/ha at 40 and 80 DAS and in 75 
kg S/ha at 60 DAS, and both these treatments had statistically equal values with each 
other at 40, 60 and 80 DAS. At 100 DAS, minimum value was recorded for 0 kg S/ha 
which was statistically equal with that for 75 and 100 kg S/ha treatments. Significantly 
lowest value was obtained for 0 kg S/ha at final growth stage. 
Uptake of nitrogen was found to be remain unaffected irrespective of spraying 
concentrations at higher levels of sulphur i.e. 75 kg S/ha and 100 kg S/ha. But at 75 kg 
S/ha, 10"^ M GA3 spraying recorded significantly maximum value and significantly 
superior to other statistically equal spraying concentrations at final stage of sampling. At 
lower sulphur levels, interaction lO'^ M GA3 x 25 kg S/ha remain unsurpassed by any 
other concentrations at 60, 80 and 100 DAS sampling, while at 120 DAS, 10"'M GA3 x 
50 kg S/ha gave most outstanding values. 
4.4.3.6 Phosphorus uptake 
Effect of concentrations of GA3 spray was significant at 60, 80, 100 and 120 
DAS, application of different levels of sulphur had significant impact at all sampling 
days. Interaction effect was noted to be significant at 60, 80 and 100 DAS (Table 108). 
Spraying of lO'^ M GA3 at 60 DAS and lO'^ M GA3 at 100 DAS gave highest 
value and both these concentrations were equal in effect with each other at 60 and 100 
DAS. But at 80 DAS, spraying of lO'^ M GA3 recorded significantly maximum value. 
All concentrations of GA3 were equally effective at final sampling days, with lO'^ M GA3 
giving maximum value. Significantly minimum value was obtained for water sprayed 
control treatment at 80, 100 and 120 DAS, but at 60 DAS, it gave lowest value which was 
at par with lO'^ M GA3 concentrations. 
Significantly maximum value was noted for 0 kg S/ha at 40 DAS, and 25 kg S/ha 
at 60 and 80 DAS. Sulphur treatment at 25 kg S/ha at 100 DAS and 50 kg S/ha at 120 
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DAS gave highest value and both values were statistically equal with each other at these 
sampling days. Significantly minimum value was given by 100 kg S/ha at all sampling 
stages except at 60 DAS where the value recorded for 100 kg S/ha was at par with 75 kg 
S/ha. 
A general impact on uptake of phosphorus was observed for interaction between 
spraying concentrations and different sulphur levels, where at higher levels of sulphur i.e. 
at 75 kg S/ha and 100 kg S/ha all spraying concentrations, had equal values with each 
other at 60, 80 and 100 DAS samplings. At lower level of sulphur (25 kg S/ha) the 
combination lO'^ M GA3 x 25 kg S/ha at 60 days and 10"^ M GA3 x 25 kg S/ha at 80 and 
100 DAS were found to be most effective. 
4.4.3.7 Potassium uptake 
GA3 spraying concentrations and their interaction with sulphur was significant at 
60, 80, 100 and 120 DAS. Application of sulphur had significant impact on potassium 
uptake at all sampling stages (Table 109). 
All concentrations of GA3 were equal in effect at 60 DAS and 1 0"'M GA3 gave 
highest value. Maximum value was recorded for lO'^ M GA3 at 80 and 100 DAS, while it 
was at par with that for 10' M GA3 at these samplings. At maturity, concentrations 10" M 
GA3 gave highest value which was statistically equal to that for 10"*M GA3. 
Significantly minimum value was recorded for water sprayed control treatment at all 
samplings. At initial sampling stage, increasing levels of sulphur declined the uptake of 
potassium, hence, significantly maximum and minimum values were noted for 0 kg S/ha 
and 100 kg S/ha respectively. At 60 DAS, 25 kg S/ha gave highest value, while at 80 and 
100 DAS significantly maximum value was obtained for 25 kg S/ha. At final stage, 50 
kg S/ha gave maximum value and was at par with that for 25 kg S/ha. Significantly 
minimum value was given by 100 kg S/ha at 40, 80 and 120 DAS, while at 100 DAS, it 
gave lowest value but was at par with that for 75 kg S/ha. At 60 DAS, minimum value 
was noted for 75 kg S/ha which was equal in effect with that of 100 kg S/ha. 
Interaction effect between spraying concentrations of GA3 and various levels of 
sulphur produced identical response for all spraying concentrations at 75 kg S/ha and 100 
kg S/ha treatments at 60, 80, 100 and 120 DAS. But at final stage, at sulphur level of 75 
kg S/ha, at par values for water spray and lO'^ M GA3 spray were recorded which were 
found to be significantly inferior to that of statistically equal values of 10"*M and 10"*M 
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GAs spray. At 100 DAS sampling, 25 kg S/ha was equal in effect with that of 50 kg S/ha 
for all spraying concentrations. 
4.4.3.8 Sulphur uptake 
Effect of GA3 concentrations, sulphur levels and interaction between these two on 
uptake of sulphur, followed identical pattern, as observed, previously for nitrogen and 
potassium uptake. Thus, effect of sulphur was significant at all samplings while effect of 
GA3 concentrations and their interaction with sulphur was significant at 60, 80, 100 and 
120 DAS (Table 110). 
Spraying concentrations of lO'^ M GA3 at 60 DAS and 10"*M GA3 at 80 and 100 
DAS gave maximum value and both concentrations were equally effective with each 
other at these sampling stages. All concentrations of GA3 were statistically equal at final 
stage where 10"^ M gave highest value. Significantly minimum value was obtained for 
water sprayed control at 60 DAS, but at 80, 100 and 120 DAS it gave lowest value which 
was at par with that for 10'^ M GA3 at these growth stages. Significantly maximum vahie 
was recorded for 25 kg S/ha and 50 kg S/ha at 40 and 120 DAS respectively, whereas at 
60, 80 and 100 DAS these two concentrations showed maximum effect and statistically 
equal values. Sulphur level at 100 kg S/ha at 40 DAS and 0 kg S/ha at 100 and 120 DAS 
gave significantly minimum value. At 60 DAS, 75 kg S/ha recorded lowest value which 
was at par with that for 100 kg S/ha, while at 80 DAS, 100 kg S/ha gave lowest value and 
was statistically equal with those for 0 and 75 kg S/ha. 
As uptake is the product of content and plant dry weight, so the interaction effect 
followed a congruous pattern for sulphur uptake to that of plant dry weight. 
In general, interaction between spraying concentrations of GA3 and various levels 
of sulphur, nullified the effectiveness of spraying at higher levels of sulphur, i.e., at 75 
and 100 kg S/ha, at 60, 80, 100 and 120 DAS sampling stage. The combination lO'^ M 
GA3 X 25 kg S/ha was most suitable at the time of maturity of plant. 
4.4.4 Yield parameters 
4.4.4.1 Number of pods/plant 
Number of pods/plant was significantly affected towards both GA3 
concentrations, levels of sulphur and of their interaction. (Table 111). 
Spraying at 10" M GA3 gave highest value for number of pod which was equal in 
effect with 10 M GA3 concentrations. Significantly lowest value was recorded for water 
sprayed control treatments. Sulphur level at 25 kg S/ha gave maximum value and was 
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equally effective with 50 kg S/ha while significantly minimum value was noted for 100 
kg S/ha. 
Regarding interaction effect, it was noted that potential effect of GA3 spraying 
was cancelled when the sulphur levels were higher i.e. 75 kg S/ha or 100 kg S/ha. 
Among different interactions, lO'^ M GA3 x 25 kg S/ha proved best (being at par to lO'^M 
GA3 X 25 kg S/ha, lO'^ M GA3 x 50 kg S/ha and 10"^ M GA3 x 50 kg S/ha) and differed 
significantly from all other combinations. 
4.4.4.2 Number of seeds/pod 
Treatment of sulphur level was found to significantly affect number of seeds/pod 
while effect of GA3 concentrations and their interaction with sulphur remain non 
significant (Table 111). 
Sulphur level at 0 kg S/ha recorded maximum value and statistically equal with 
that for 25 kg S/ha, significantly minimum value was found in 100 kg S/ha. 
4.4.4.3 1000 seed weight 
Results for 1000 seed weight was non significant (Table 111). 
4.4.4.4 Seed yield 
Seed yield was significantly influenced by GA3 concentrations and various levels 
of sulphur. Interaction between GA3 concentrations and sulphur levels was also noted to 
be significant (Table 112). 
Spraying GA3 concentrations atlO'^M gave maximum value which was equally 
effective with IC^M GA3. Significantly minimum value was registered for water 
sprayed control. Significantly highest and lowest values were recorded for 25 kg S/ha 
and 100 kg S/ha respectively. 
Interaction between GA3 spraying concentrations and different levels of sulphur 
resulted into a situation where no significant difference could be visualized for the effect 
of different spraying concentrations at higher levels of sulphur i.e. at 75 kg S/ha or 100 
kg S/ha. However, at lower sulphur levels, effect of GA3 spraying was appreciably 
discernible, where interaction, lO'^ M GA3 x 25 kg S/ha gave maximum value. 
4.4.4.5 Biological yield 
The effect of GA3 concentrations, sulphur levels and their interaction was 
significant for biological yield (Table 112). 
All concentrations of GA3 were equally effective, and 10"^ M GA3 gave maximum 
value while significantly minimum value was recorded for water sprayed control 
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treatments. Maximum value was given by 50 kg S/ha which was at par with that for 25 
kg S/ha. Significantly lowest value was noted for 100 kg S/ha. 
Regarding interaction effect, it was found that at lower levels of sulphur, 
concentrations of GA3 significantly influenced the biological yield. But at higher levels 
of sulphur i.e. at 75 kg S/ha or 100 kg S/ha, all spraying concentrations of GA3 were 
equally effective. 
4.4.4.6 Harvest index 
Application of different levels of sulphur had significant impact on harvest index. 
Concentrations effect of GA3 and their interaction with sulphur was non significant 
(Table 112). 
Sulphur level 0 kg S/ha gave maximum value and was equal in effect with 25 kg 
S/ha, while minimum value was obtained for 100 kg S/ha. Which was statistically equal 
with that for 75 kg S/ha. 
4.4.4.7 Oil yield 
Oil yield was significantly influenced by concentrations of GA3, levels of sulphur 
and their interaction (Table 112). 
Spraying concentrations of 10"*M GA3 gave maximum value and was equally 
effective with lO'^ M GA3 value. Significant lowest value was recorded for water sprayed 
control treatment. 
All levels of sulphur treatment significantly differed form each other where 
significantly highest and lowest values were found in 25 kg S/ha and 100 kg S/ha 
respectively. 
Interaction effect rendered a significant response from all GA3 spraying 
concentrations for oil yield at lower sulphur levels. Among various interaction, 10"'M 
GA3 x 25 kg S/ha substantiated to be the best and remain unsurpassed by any of the other 
combination. But at higher level of sulphur concentration effects of GA3 spray were 
equally effective. 
4.4.5 Quality parameters 
4.4.5.1 Oil content 
Oil content remain uninfluenced with GA3 concentrations, sulphur treatments and 
combination of these two i.e. interaction between GA3 and sulphur (Table 113). 
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4.4.5.2 Acid value 
Acid value responded towards sulphur levels significantly, while concentrations 
of GA3 and their interaction with sulphur remain non significant (Table 113). 
Significantly maximum value was obtained for 0 kg S/ha, while minimum value 
was given by 50 kg S/ha, which was equal in effect with 100 kg S/ha, 75 kg S/ha and 25 
kg S/ha treatments. 
4.4.5.3 Iodine value 
Results obtained for iodine value was non significant (Table 113). 
4.4.5.4 Saponiflcation value 
Effect of different levels of sulphur was significant, but spraying of different 
concentrations of GA3 and their interaction with sulphur was non significant (Table 113). 
Maximum saponification value was recorded for 25 kg S/ha which was 
statistically equal with those for 50 kg S/ha, 100 kg S/ha and 75 kg S/ha treatments. 
Significantly minimum value was noted for 0 kg S/ha treatment. 
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CHAPTER-5 ^ 
DISCUSSION 
5.1 Introduction 
The land surface is a non-renewable resource. This, if used extensively for 
exploiting natural resources without replenishing, may render unfit for any other activity 
(particularly crop cultivation) in due course of time. In some areas, it has been so 
extensively abused that the quality of land has degraded, which can no longer support the 
growth of a crop. With just a handful of earth to live off, food had become to a near 
luxury. According to Economic survey of India (1999), food grains production increase 
by 1.7 per cent is much less than the rate of 1.9 per cent increase in population. The 
situation further aggravates with the recent announcement about the birth of one billionth 
Indian by the Census Commission of India, which could be a wake up call for the nation 
which is still basking of the success of "Green Revolution". In addition to this, All India 
Yield Indices of major crops is found to be stagnating or declining due to stagnating 
yield and decreasing land-man ratio. This has exerted a massive pressure for managing 
the available resources in such a way as to be benefitted maximally. The strategies 
adapted to counter this pressure included new agricultural technologies comprising HYV 
seeds, water, fertilizers, pesticides and chemicals. 
Most of the growth in fertilizer consumption in India has been in S-free fertilizers 
despite its vital role in plant metabolism. Generally in all crops and particularly in oilseed 
corps, deficiency of sulphur severely limits the agricultural production. Sulphur is 
required for plant growth in quantities equal to and sometimes exceeding those of 
phosphorus (P). Functions of sulphur within the plants are closely related to those of 
nitrogen, infact, these two act synergistically. Sometimes, nutrients are applied without 
taking into consideration their efficient utilization which may lead to water pollution by 
the accumulation of nitrates in the water Table and eutrophication of the reservoirs. 
So, an approach which may minimize the application of nutrients, without 
decreasing the performance of the crop is to be explored. In this context, chemical 
manipulation was found to be engaged in enhancing the growth and productivity of crop 
plants (Leopold and Kriedmann, 1979; Singh, 1996; Khan, 1996; Khan et al, 1997; 
Khan et al, 1998; Khan et al, 1999). Of several naturally occurring phytohormones, 
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GAs has proved its potential in enhancing the yield of mustard. It has been ascertained 
from our lab that GA3 enhanced growth and yield performance of mustard (Ansari, 1996; 
Khan, 1996; Khan et al, 1996; Khan et al, 1998). GA3 has been found to help better 
utilization of appHed N and P and increases the productivity of mustard of good quality 
(Ansari, 1996; Khan et al, 1997a; Khan et al, 1997b; Khan and Samiullah, 1997a; Khan 
and Samiullah, 1997b). The effect of GA3 application with another important nutrient 
potassium was found to be non-significant (Ansari, 1996), For mustard crop sulphur (S) 
has very specific importance (detailes described in Chapter 2), but very little information 
is available on the application of GA3 in combination with sulphur. Moreover, 
comparison of the method of application of GA3 either through seed soaking or foliar 
spray which is thought to be an important aspect, is not available in the literature. 
Keeping in mind the above facts, four field trials \vere conducted on mustard 
(Brassica juncea L. Czem & Coss.) on the following lines: 
1. To establish the most suitable duration of seed soaking in GA3 solutions for better 
growth, yield and quality characteristics. 
2. To explore the most accurate growth stage for foliar application of GA3 for 
maximum growth and yield response. 
3. To study the effect of seed soaking in GA3 or foliar spray of GA3 on mustard grovra 
with varying levels of basally applied sulphur on the performance of the crop. 
4. To compare the efficacy of the treatments seed soaking in GA3 or foliar spray of 
GA3 applied in association with basal sulphur in augmenting crop growth and 
development. 
The results obtained in chapter 4 are discussed below: 
5.2 Experiment 1 and 2 
Experiment 1 was conducted to find out the most suitable duration of soaking (8 
or 12h) of mustard seeds in improving the performance of the crop. The aim of the 
Experiment 2, was to select the most suitable growth stage of crop for spray of GA3 (40, 
60, or 40 + 60 DAS) for better growth, yield and quality. The growth parameters, plant 
height, plant dry weight and its distribution into leaf, stem and pod, leaf area, specific leaf 
area and specific leaf weight were recorded at 40, 60, 80, 100 and 120 DAS. Crop 
growth rate, relative growth rate and net assimilation rate were calculated for the 
periods, 0-40, 40-60, 60-80, 80-100 and 100-120 days interval; photosynthetic 
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parameters (chlorophyll content, rate of photosynthesis, photosynthetically active 
radiation) were recorded at 40, 60, 80 and 100 DAS; biochemical parameters (N, P and 
K concentrations and their uptake) were determined from 40 to 120 DAS with a time 
interval of 20 days; yield parameters like pods/plant, seeds/pod, 1000 seed weight, seed 
yield, biological yield, harvest index and oil yield and seed quality characteristics (oil 
content, acid, iodine and saponification value) were studied at harvest. 
5.2.1. Growth characteristics 
Growth is defined as a process of expansion or an increase in size, where size 
may be described by dimension of weight or length. Development on the other hand is a 
combination of a host of complex processes that determine the passage of a plant 
through its life cycle. The process of growth and development are interlinked and both 
are influenced by several endogenous and exogenous factors, the vital among them are 
phytohormones and availability of nutrients in the soil. In this section, significant data on 
various plant growth parameters are discussed. 
It was found that Experiment 1 that soaking of seeds for 8h was suitable and 10" 
^M GA3 concentration increased the plant height by 20.5% in comparison to water 
soaked control treatment (Table 6). Presowing soaking of seeds in GA3 has been 
reported to increase the endogenous level of GA3 of the seeds. This triggers a series of 
sequential reactions, consisting of activation of enzyme systems, metabolism of storage 
products, subsequent transport and synthesis of new materials and finally the emergence 
of radicle and growth of seedlings. Possibly this happened with the soaking of seed for 
8h in GA3. This duration of soaking might have imbibed the requisite amount of GA3 for 
successfial emergence of radicle and establishment of seedlings. In contrast, soaking for 
12h might have resulted into adverse effects, as prolonged duration of soaking has been 
found to cause adverse effects (Heydecker, 1977; Norton, 1986; Mayor and Poljakoff 
Meyber, 1989). Increasing the concentrations of GA3 from 10"*M to 10"'M or 10"^ M 
could not help to improve the plant height further as the maximum potential height could 
have been achieved by lO'^ M (Experiment 1). In Experiment2, GA3 spraying at 40 DAS 
increased the plant height by 16.7% than spraying at 60 DAS. Spraying in two equal 
splits at two different times i.e. half at 40 DAS and half at 60 DAS (40 +60 DAS) 
produced almost equal plant height as that of 40 DAS. In this experiment spraying 
concentrations of 10"^ M GA3 was found to be the best (Table 32). GA3 has been 
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reported to increase cell division and cell wall extensibility (Moore, 1989). Treatment of 
stem tissue with GA3 causes microtubule reorientation favouring axial elongation 
(Giddings and Stechelin, 1991; Shibaoka, 1994). The enzyme xyloglucan 
endotransglycosylase (XET) catalyzes the breaking and reforming of bonds between 
xyloglucan residues, thus permitting transient increase in wall extensibility. Increase in 
XET activity is correlated with GA enhanced elongation in a number of plant species 
(Potter and Fry, 1994). Possibly all these factors contributed for the increase in the plant 
height due to GA3 treatment. As it was evident from the improvement of 18% in the 
plant height of lO'^ M GA3 sprayed plant in comparison to water sprayed control 
treatments. 
It was found in Experiment 1 and Experiment 2 that treatment with 10'*M GA3 
(soaking) and 10"'M GA3 (spray) produced 35.6% (Table 14) and 29.0% (Table 40) 
more leaf area than control treatments. In fact, the effect of GA3 on cell division and cell 
expansion is well documented, which helped in formation of higher leaf area. Moreover, 
increase in plant height, at early stage in Experiment! and 2 enhanced the opportunity of 
formation of more leaf initials which later developed into leaf increasing total leaf area. 
This enhancement has got its manifestation on the yield potential of the crop. 
Improvement in the leaf area was accompanied with the increase in crop growth rate 
which in Experiment 1 was increased by 56.8% and 39.1% at 0-40 DAS interval and 60-
80 DAS interval, respectively (Table 17) and in Experiment 2 by 60.5 and 29.5% at 40-
60 and 60-80 DAS interval respectively (Table 43). It was interesting to note that 
although there was increase in CGR, the relative growth rate (RGR) (Tables 18,44) and 
net assimilation rate (NAR) (Tables 19,45) were reduced due to GA3 soaking 
(Experiment!) or remain unaltered due to GA3 spraying (Experiment 2). This could be 
due to the fact that taller plants bore higher number of mature pods and could not stand 
erect to expose all its remaining leaf towards sunlight. 
The level of relation between crop photosynthetic efficiency (CGR) and 
photosynthetic efficiency of leaves (NAR) decides the fate of dry matter accumulation. 
However, dry weight of a plant represents a successful manifestation of a complex 
processes ranging from interception of solar radiation, availability of nutrients and water 
and active photosynthesizing area to hormonal status of the crop. In Experiment 1, the 
increase in the dry weight was upto 52.7% (noted at 40 DAS) in lO'^ M GA3 as 
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compared to water soaked control. At the time of senescence (120 DAS), the difference 
between these two treatments narrowed down to 15.9% (Table 7). In Experiment 2, dry 
weight increased after the spray of lO'^ M GAj upto 40% noted at 60 DAS sampUng. 
The accumulation of biomass gradually decreased and at harvest the difference between 
GA3 spray and control was only 18.8% (Table 33). This decline in the biomass 
accumulation could be attributed to the ontogenetic downward drift with plant age, 
where the competition for nutrients and other factors are probably more intense as age 
and size increase. However, the gain in the dry weight at the initial stage for the GA3 
treatment was due to increase in leaf area by 49.5% in Experiment 1 and 48.2% in 
Experiment 2 which enhanced the chance of trapping exceedingly higher amount of solar 
energy than the control. Consequently transfer of this energy into the chemical bonds of 
different molecules resulted in the enhancement of plant dry weight. 
The pattern of distribution of dry weight among different plant parts was strongly 
influenced by GA3 treatment as exhibited by both mode of application of GA3. In 
Experiment 1 and 2, the contribution of leaf dry weight (Tables 11,37) to the total plant 
dry weight was 57% and 62% respectively at 40 DAS, a vegetative phase of plant 
representing the lavish growth. This declined to 10-12% during maturation of the crop. 
Another very closely related index of dry matter allocation in leaves is specific leaf 
weight which has shown a positive trend towards GA3 soaking and spray in both 
Experiments. The increased allocation of dry matter towards leaf caused them to became 
thicker at initial stage (up to 80 DAS). It became equivalent to that of control at 100 
and 120 DAS in the case of soaking (Experiment 1) and lesser than control in the case of 
spray (Experiment2). Interestingly, the period of decline in the specific leaf weight 
coincides with an increase in the pod dry weight. This was evident from the contribution 
of pod dry weight to the total dry weight which showed a steady increase from meager 9 
- 10% at 80 DAS to 30 - 33% at harvest (Tables 13, 39). It was found that GA3 has 
changed the pattern of assimilate distribution and more assimilates were translocated to 
reproductive parts of the GA3 treated plants from source (leaves) organs. GA3 directed 
mass movement of photosynthetic materials was also evident from the distribution of dry 
weight towards stem. In this case, per cent stem dry weight of water soaked (Table 12 ) 
and water sprayed (Table 38) treatments were found to be much higher than GA3 
treatment plants. This was due to reduced translocation of photoassimilates towards leaf 
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and pods in water soaked (Experiment 1) or water sprayed (Experiment 2) plants. In 
Experiment 1, the contribution of stem dry weight to the total plant dry weight was upto 
63% at 100 DAS, which decreased upto 53% at harvest (Table 9). But in Experiment 2, 
the contribution was maximum (62%) at 100 DAS (Table 35) and remain unaltered at 
the maturity. This was further an indication of GA3 directional movement of dry weight. 
5.2.2 Photosynthetic parameters 
Rate of photosynthesis depends upon several factors prominent among them are 
canopy structure, eflFective interception of solar radiation and content of chlorophyll. 
The content of light harvesting assembly (chlorophyll per unit area) of the plants 
tended to increase in response to GA3 application in both experiments. In Experiment 1 
and 2, the increase in response to 10'*M GA3 soaking and 10"^ M GA3 spraying was 
30.7% (Table 20) and 25.2% (Table 46) respectively at 100 DAS. But this finding in the 
present study contradicts earlier reports of Singh (1996) and Prakash and 
Prathapasenang (1990) who found decrease in chlorophyll content of rice with 
application of GA3. The substantial increase in the content of chlorophyll had direct 
impact upon the rate of photosynthesis. In Experiment 1, the rate of photosynthesis 
increased upto 43.6% while in Experiment 2, the increase was 36.4% at 100 DAS, in 
response to 10"^ M GA3 soaking (Table 21) and lO'^ M GA3 spraying (Table 47) 
respectively. Moreover, canopy architecture and reception of photosynthetically active 
radiation also contributed to the increase in rate of photosynthesis. It was observed that 
GA3 increased the leaf area by 10.1% in Experiment 1 and 25.3% in Experiment 2. But 
inspite of enhancement in the leaf area in Experiment 2, the rate photosynthesis could not 
improved. This could be attributed to the mutual shading and concomitant decrease in 
the efficiency of chlorophyll. 
Photosynthetically active radiation in Experiment 1 increased upto 22.7% at 40 
DAS which gradually decreased to 11.2% at 100 DAS (Table 22). This decrease in 
PAR coincided with the reduction in leaf area. In Experiment 2, interception of solar 
radiation reached to the maximum (24.6%) at 60 DAS and gradually decreased to 18.9% 
at 100 DAS (Table 48). The reduction in the Experiment 2 was relatively less than 
Experiment 1. The reason for this disparity may be in the difference of mode of 
application of GA3. The foliar spray of GA3 helped the plants to retain relatively more 
leaf area, hence the PAR remain higher. 
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5.2.3 Biochemical parameters 
5.2.3.1 Nutrient content 
From Tables 23-25, it is evident that in Experiment 1, although the data was non 
significant but the nutrient content increased in plant tissue due to presowing soaking in 
GA3 . The content of N and K followed a positive path, while phosphorus content did 
not show any clear trend towards this treatment. Soaking the seeds in GA3 prior to 
sov^ng might have increased the initial grovvth vigour, thereby the available nutrient in 
the soil might have been absorbed more rapidly. This is also supported fi-om the data on 
nutrient content and their uptake increase with progressive growth stages (Tables 26-
28). While in Experiment 2, where the treatments were received on the foliage of the 
plant, it was observed that available nutrients in the soil was equally well utilized in GA3 
and water sprayed plants for the growth of the plant. This is also evident fi-om the non 
significant data on N (Table 49) P (Table 50) and K (Table 51) content. 
5.2.3.2 Nutrient uptake 
Uptake pattern of the crop is generally influenced by the extent of source and 
demand exerted by plant metabolism. During its early growing period it was observed 
that in Experiment 1 the uptake of N, P and K (Tables 26-28) was increased by 62.6%, 
52.6% and 62.9% respectively. This increase in the uptake coincided with the period of 
intense building of structural blocks (plant organs). This gradually decreased upto 26.8, 
15.2 and 25.7% at 120 DAS for N, P and K (Tables 26-28) as the demand recedes. 
Similar effect of GA3 on nutrient uptake was observed in Experiment 2, where the 
increase in the NPK uptake was upto 35.8, 30 and 34.9% (Tables 52-54) respectively at 
60 DAS sampling. In both experiments enhanced uptake of nutrients was due to the 
development of larger canopies (expressed as leaf area) (Tables 14, 40) which puts an 
extensive demand on the roots, to extract more available nutrients. Increase in NPK 
uptake by GA3 application was also reported by other workers (Patrick, 1979; Dela-
Gaurdia and Benlloch, 1980; Dhakal and Erdei, 1986; Erdei and Dhakal, 1988, Ansari, 
1996; Khan e/at/., 1998). 
5.2.4 Yield characteristics 
Yield is the culmination of several comprehensive phases which starts at 
germination and end at harvest, encompassing through shoot growth, leaf development, 
photosynthesis, flowering, pollination and seed set. Better vegetative growth of a crop is 
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largely responsible for higher seed yield because number of photosynthesizing sites i.e. 
number of vegetative branches is affected by initial growth stages. In fact, branch length 
and leaf size which constitute the canopy structure and which is actively involved in 
interception of solar radiation contributes the photoassimilates to the developing pods. 
Two sequential steps are necessary for a mustard plant to produce pod; a sink of 
pollinated pods capable of fiarther development must be created and this must be supplied 
with photosynthates over the subsequent period of development. Thus seed yield at 
harvest may be determined either by the seed capacity established at pollination or by the 
quantity of photo synthate made available between pollination and maturity. 
The interest of any farmer is to obtain maximum produce from his crop by 
judiciously harnessing the available resources. This involves the minimization of yield 
losses through arresting the abortion of pods and maximizing the number of flowers. In 
both experiments, it was found that increased growth and dry matter production due to 
GA3 application (soaking or spray) contributed for the enhancement of pod 
number/plant. Exogenous application of GA3 have been shown to promote flowering 
which was exhibited in the enhanced pod numbers in Experiment 1 and 2 where the 
increase was 19.5 and 21.6% for lO'^ M GA3 soaking (Table 29) and lO'^ M GA3 spray 
(Table 55) than their respective controls (Figs. 5,7). Similar observation of increase in 
pod number due to GA3 have been made by Zeevart, 1983; Harkess and Lyons, 1994; 
Metzger, 1987; Takahashi et al, 1991. Ansari, 1996; Khan, 1996; Khan, 1997; Khan 
and Samiullah 1997b; Khan et al, 1997; Khan et al, 1998. 
It was also found that GA3 with either mode of applications did not help to 
improve either the seeds/pods or 1000 seed weight (Tables 29,55). Therefore, the final 
enhancement of seed yield by 15 and 16.2% by lO'^ M GA3 soaking and 10" 'M GA3 spray 
was mainly due to increase in number of pods/plant (Figs. 6,8) 
Responses of plant towards time of spray was very important as when mustard 
plants were sprayed at 40 DAS, the pod number was increased by 11.6 and 3.8% than 
that of 60 DAS and 40+60 DAS respectively, whereas double spray appUcation at 40 
+60 DAS yielded only 7.6% more pod number than 60 DAS. This proved that spraying 
at the phase that coincides with intense vegetative growth, had the tissues which was 
most responsive and caused more demand and absorbed higher amounts of nutrients and 
water required to bring best out of the plant in the form of pod number. The spray 
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Figure 5: Effect of GA3 treatment Arough seed soaking for 8 or 12 h on pods/plant, 
seeds/pod and 1000 seed weight 
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Figure 6: Effect of GA3 treatment tiirough se^ soaking for 8 or 12 h seed yield, 
biological yield and harvest index 
application in two equal splits has got beneficial effect on pod number because half of the 
strength was received by the plant when it has most responsive tissues i.e. at 40 DAS and 
the other half at 60 DAS, but it was less effective than spray at 40 DAS. The order of 
effectiveness of spray stages was 40 DAS > 40 +60 DAS > 60 DAS. These treatments 
showed a similar pattern on yield. 
In Experiment 1, oil yield was found to be increased upto 13.9% in lO'^ M GA3 
soaking as compared to water soaked control (Table 30). Increase in the oil yield was 
identical to that of seed yield, which is consistent with the findings of Khan et al. (1997). 
While in Experiment 2, the increase in oil yield was 14% in 10- 'M GA3 spray m 
comparison to water spray control (Table 56). The increase in oil yield in both the 
experiments was due to increase in seed yield in the respective treatments. 
In both the experiments, biological yield was increased upto 20.9 and 22.5% due 
to GA3 soaking (Table 30) and spray (Table 56) respectively (Figs. 6,8). The mechanism 
which brought about this elevation involved the production of enough leaves which 
intercepted most of the solar radiation incidence on the crop canopy. When this 
occurred, the level of crop photosynthetic efficiency (CGR) as well as the photosynthetic 
efficiency of leaves (NAR) also increased. These all have contributed towards improved 
biological yield in GA3 applied treatments. Factors that control sink strength also control 
the partitioning in the crop. It was found that in 10"'M GA3 spray (Experiment 2) the 
translocation of photoassimilate towards seeds (harvest index) was increased upto 15.8% 
than water sprayed plants (Table 56). But in Experiment 1, where the seeds were soaked 
in different concentrations of GA3 (lO'^ M , 10"^ M and lO'^ M and water) luxury of 
translocation of photoassimilate towards sink was denied. 
5.2.5. Correlation studies 
Attempt was made by correlation studies to find out the exact factor, which had 
highest contribution for improving the seed yield (Table 30,56). It was revealed from 
this study that most contributing factor for the yield of the crop was pod number/plant. 
The uptake of all the three nutrients were well correlated among themselves. It was 
found that increased photosynthetic rate improved both the leaf area and dry matter 
production. From this study, the path for enhanced yield may be deduced as: A plant 
with increased chlorophyll content and photosynthetic rate with higher leaf area 
contributed towards greater biomass accumulation. Increased top growth has 
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wr* 10^ 10" 
GibbereUk acid concentrations 
Spray stegc (DAS) H J I ^ H H ^ H I ' * ^ ^ ^ ^ 
Figure 7: Effect of GA3 spray at different growth stages of mustard on pods/plant, 
seeds/pod aiKi 1000 seed weight 
0 IV* W^ !•"* 
Gibbenjlk add cwncentrations 
Spray stage (DAS) i H ^ I H ^ H ^ * ^ ^ ^ 
Figure 8: Effect of GA3 spray at different growth stages of mustard seed yield, 
biological yield and harvest index 
contributed for enhanced N, P and K uptake and all these parameters functioning 
synergistically towards improvement of the yield by increasing the number of pod (Table 
114). 
5.2.6 Quality parameters 
The oil content and other quality parameters like acid, iodine and saponification 
value were neither affected by GA3 soaking (Table 31) nor by GA3 spray (Table 57) 
treatments. 
A perusal of all the significant findings it can be concluded that soaking of the 
seeds in 10"^ M GA3 for the minimum duration of 8 h has improved the growth and seed 
yield of mustard. Increasing either the soaking duration or the soaking concentration 
further did not enhance the growth characteristics and yield of the crop. The requisite 
concentration of GA3 for spraying on canopy was found to be 10"^ M and spraying at 40 
DAS was observed as most appropriate stage for obtaining best results in terms of yield, 
as there was no further enhancement in the yield by spraying in two equal splits (40 + 60 
DAS). Spraying at 60 days after sowing reduced the chance of reception of hormonal 
treatment (10" 'M GA3) by 20 days in comparison to (40DAS). 
5.3 Experiment 3 and 4 
These two experiments were conducted to assess the effect of soaking of mustard 
seeds for 8 h in GA3 (Experiment 3) and spraying of GA3 at 40 DAS on mustard crop 
(Experiment 4) with varying levels of basally applied sulphur on growth, yield and quality 
characteristics. The growth, photosynthetic, biochemical yield and quality parameters 
were same as in Experiment 1 and 2. However, in these experiments while studying 
biochemical parameters contents of sulphur and its uptake at different growth stages 
were also determined along with other nutrients (N, P and K) content and their uptake. 
The individual effect of soaking and spraying of GA3 and its concentration 
required for these two mode of treatments were found to be identical to the Experiment 
1 and 2. It was observed that neither soaking nor spraying of the GA3 elicited any 
beneficial effect on almost all parameters at higher levels of sulphur (75 or 100 kg 
S/ha). The data obtained on various parameters studied for the effect of GA3 may be 
discussed on the same lines as done in previous section of this chapter. In this, part, 
main emphasis is focussed on the importance of sulphur fertiUzation and its interaction 
with GA3, if any on the performance of the crop. 
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5.3.1 Growth parameters 
Plant height is a genetic trait which is reduced or increased accordingly under the 
influence of environmental fluctuations. It was found that at initial growth stage (40 
DAS),the application of 25 kg S/ha resulted into an increase of 15.9% and 55.8% in 
plant height in comparison to 0 kg S/ha and 100 kg S/ha respectively. This improvement 
has enhanced the opportunities for the plant to harbour greater crop canopy by the 
emergence of new leaves which is evident from increased leaf area by 188.3% in 
comparison to 100 kg S/ha (Table 66). However, deleterious impact of higher levels of 
sulphur on plant height was quite obvious, where the plant got stunted upto 50.4% in 
100 kg S/ha treatment in comparison to 0 kg S/ha (Table 58, 86). Reduction in the plant 
height minimized the chances of bearing adequate leaf branches, which was reflected by 
the reduction in photosynthetic area of reception (leaf area) upto 199.3% in 100 kg S/ha 
in comparison to control (0 kg S/ha). At maturity the highest leaf area was noted for 50 
kg S/ha which was 68.2 and 21.6% more than 0 kg S/ha and 100 kg S/ha respectively. 
This may be due to expansion of upper half of leaf profile, where the leaves were still 
capable of expansion. This is consistent with the findings of Hocking and Steer (1982), 
Khanpara et al. (1993) and Tomar et al. (1993). 
It was found that dry matter accumulation was much more in both 0 kg S/ha and 
25 kg S/ha in comparison to 100 kg S/ha treatment at 40 DAS (upto 109.3 and 89.4%). 
This was due to significant increase in crop growth rate (110.9 and 90.4%) for 0 kg S/ha 
and 25 kg S/ha over 100 kg S/ha treatment (Tables 69,97). But at harvest, the 
difference between the dry weight of 0 kg S/ha and 100 kg S/ha was meager 17.2% 
(Tables 59, 87). At this stage sulphur level of 25 kg S/ha increased plant dry weight as 
compared to 0 kg S/ha treatment. However, it was interesting to note that the relative 
growth rate (RGR) and net assimilation rate (NAR) was more in higher levels of sulphur, 
which was possibly due to the fact that at initial growth stage dry matter produced in 
higher sulphur levels was so less that when more and more elemental sulphur got 
oxidized in the soil, a little increase in the growth of the plant manifested into high RGR. 
Likewdse due to full exposure of the lesser number of leaves in higher sulphur level 
towards sunlight without any mutual shading, might have resulted into higher NAR. But 
the ultimate aim of producing greater biomass could be achieved only with 25 kg S/ha 
treatment. 
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Inspite of reduction in the growth (plant height) in 100 kg S/ha (51.2%) to that 
of 0 kg S/ha treatment, the recovery in the dry weights at latter growth stages owes 
much to the better management of available resources and correction of imbalance 
source sink relation with the gradual decline in the toxic effect of higher sulphur levels. 
This was observable in the form of per cent leaf dry weight (Tables 63, 91), specific leaf 
weight (Tables 68, 96) and enhanced leaf area (Tables 66, 94). At final stage, allocation 
of dry weight in the leaves (SLW) was found to be equal in 0 kg S/ha and 100 kg S/ha 
treatments. Moreover, the leaf area of 100 kg S/ha treatment was 34.1% more than 0 
kg S/ha at harvest and in addition to this, an enhancement of 61, 84.6 and 42.6% was 
recorded in the crop grov^h rate (Tables 69, 97), relative growth rate (Tables 70, 98) 
and net assimilation rate (Tables 71, 99) respectively. 
At initial stage (40 DAS), contribution of leaf dry weight to total dry weight was 
found to be relatively higher for sulphur levels of 25 kg S/ha than all other treatments. 
As the level of sulphur increased i.e at 75 kg S/ha and 100 kg S/ha, a progressive 
decrease in the contribution of the leaf dry weight was observed. But during later phase 
(80 DAS) of development the trend was reversed and highest amount was found in 100 
kg S/ha treatment. In fact, this period coincides with intense photosynthetic activity and 
pod formation. As was expected pod dry weight was found to be highest in 25 kg S/ha 
treatment which was 33.7% more than 100 kg S/ha treatment. During this period, 
specific leaf weight which reflects the amount of food materials in the leaf was 45.3% 
more in 25 kg S/ha treatment than 100 kg S/ha while at 100 DAS, 53.8% more in 0 kg 
S/ha than 25 kg S/ha, which implies the efficient translocation of dry matter towards 
pods in 25 kg S/ha treatment. This was reflected in the form of contribution of pod dry 
weight (%) which was 15.5% higher in 25 kg S/ha treatment than 100 kg S/ha. 
However, it could be ascribed to the remobilization of dry matter fi-om source (leaves) to 
sink (pods) under the influence of balanced nutrient regime i.e at sulphur level of 25 kg 
S/ha, while opposite is true for the higher content of leaf dry weight (SLW) in 100 kg 
S/ha treatment, where the dry matter was stranded in the tissues and could not be 
mobilized towards the sink. 
The interaction effect was significant for some of the growth parameters 
and it was observed that the effect of soaking or spraying was visualized only when the 
level of applied sulphur was less than 50 kg S/ha as elemental sulphur. But if the level 
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was 75 and 100 kg S/ha, the growth of the plant was drastically affected there by 
nullifying the GA3 eflFect. 
5.3.2 Photosynthetic parameters 
Photosynthesis in plants is a result of interactions between different factors, e.g., 
CO2 concentrations, ambient temperature, photon flux density, chlorophyll content, 
water and nutrient availability. The present investigation has established an interrelation 
of rate of photosynthesis with photosynthetically active radiation (PAR) and chlorophyll 
content. At early growth stage, rate of photosynthesis in 25 kg S/ha treatment was 
11.3% more than 0 kg S/ha treatment. At 100 kg S/ha, reduction of 41.5% in PAR and 
58.3% in chlorophyll content decreased the rate of photosynthesis by 31.9%. A strong 
correlation between these parameters was observed at 80 DAS, where steepest reduction 
of 73.9% in chlorophyll content has decreased the rate of photosynthesis by 59.6% and 
PAR by 35.4% in 100 kg S/ha in comparison to 0 kg S/ha treatment. At 100 DAS, 
retrieval in the rate of photosynthesis was observed where reduction was 53.6% in 
photosynthetic rate, while PAR remain unaltered for 100 kg S/ha treatment. This was 
due to the expansion of upper half of the leaf profile consisting of younger leaves. This 
ontogenetic drift has helped to reestablish the PAR as well as boosting the rate of 
photosynthesis by facilitating the orientation of leaf in such a way as to trap highest 
possible incidence of solar energy. The presence of highest amount of chlorophyll in 25 
kg S/ha treatment at 40, 60, 80 and 100 DAS, may be ascribed to the adequate supply of 
sulphur as this is known to help in the co-transport of Mg (KuUmann et al, 1989) which 
is an important constituent of photosynthesizing assembly (chlorophyll). It was very 
interesting to observe that the symptoms of both deficiencies (Lencioni et al, 1997) as 
well as toxicity (Cerda et al, 1984) of sulphur consist basically of a general lowering of 
plant performance and by development of chlorosis especially in young leaves. This 
could be the consequent explanation for both abundant as well as scarce content of 
chlorophyll content in lower and higher doses of sulphur respectively. The interaction 
effect of sulphur and GA3 was same as discussed in the previous section of this chapter. 
5.3.3 Biochemical parameters 
5.3.3.1 Nutrient content ^ 
Presence of different nutrient concentrations at successive stages of plant 
development addresses the nutritional requirement of the crop during that phase. It 
118 
could be modulated under the influence of different factors, prominent among them are; 
availability of nutrients in the vicinity of root zone, relative positions of structural organs 
on the plant and the stage of plant development. 
In the present report nitrogen and sulphur content, were found to increased with 
increasing levels of sulphur. Infact, deprivation of sulphur reduced the nitrogen content 
by 30.6% than that of 100 kg S/ha treatment at maturity. This report was found to be 
consistent with the findings of Agrawal and Mishra (1994) and contradictory to Abbes et 
a/. (1992) who failed to observe any variation in nitrogen concentrations with sulphur 
deficient conditions. The concentration (content) of potassium and phosphorus was not 
altered wdth varying levels of sulphur. Increased level of sulphur content at 100 kg S/ha 
treatment implies that greater proportion of sulphur may be present in structural 
molecules or there may be some inherent transport limitations in the plant for sulphur 
which does not operate as have been postulated earlier (Von Arb and Brunold, 1986). 
The accumulation of sulphur was found to be increased by 29.7% at 80 DAS and by 
43.8% at 100 DAS, interestingly this period coincides with pod filling and pod 
maturation stages. But expanding leaves incorporate sulphur into an insoluble pool 
which is not readily mobilized. From this, it can be concluded that during pod-
maturation in mustard sulphur requirement is met by the accumulation mechanism 
present inherently. One more hypothesis to explain this is that there may have been a 
sink limitation of S utilization within the pod, thus sulphur content in the leaves was 
increased. This may be because of the developing embryo lacked fiirther sites (higher 
qualit>' protein) for extra S or perhaps because of a limited ability to reduce sulphur for 
amino acid synthesis (Sexton et al., 1998). 
5.3.3.2 Nutrient uptake 
Nutrient uptake was found to be well coordinated with supply of sulphur. It is 
believed that availability of a given nutrient may interact with the uptake of other 
nutrients and thus making the uptake pattern more complex (Amoruwa et al., 1987, 
Marschner, 1987). The response of transport system (accumulation) to sulphur 
deprivation (0 kg S/ha) was negligible for content of sulphur at 40 DAS sampling. The 
possible explanations are that there was a tendency for the root system to have more 
proliferation to other regions to meet the plant nutrient demand or it became larger 
relative to the shoot during sulphur deprivation (White et al., 1987). Similarly effect of 
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nitrogen deprived conditions and phosphoms deprived conditions were observed by 
Cumbus and Nye (1982) and Moorby and Nye (1984) respectively in Brassica napus L. 
In Experiinent 3, uptake of nitrogen, phosphorus, potassium and sulphur was 
found maximum in 25 kg S/ha treatment. Sulphur deprivation (Okg S/ha) decreased the 
uptake of N,P,K and S by 29.9, 28.5, 17.5 and 47.6% respectively than 25 kg S/ha at 
harvest. However, in Experiment 4, application of 25 kg S/ha increased the nitrogen and 
sulphur uptake by 43.1 and 58.2% than 0 kg S/ha treatment. Similarly, uptake of 
phosphorus and potassium was depressed in 0 kg S/ha treatment by 12.9 and 9.9% than 
25 kg S/ha treatment respectively. 
In both experiments, rate of sulphur accumulation did not increase beyond 125.6 
mg per plant with increasing levels of sulphur at harvest suggesting that rate of sulphur 
accrual in high S environments is limited by the plants ability to utilize sulphur. If the 
plant become deficient in sulphur to the extent that their growth is slowed down or they 
develop visual symptoms of deficiency, then there is a concomitant decrease in net 
uptake of nitrogen as observed by the reduction in the uptake upto 39.3% (mean of both 
experiments) in 0 kg S/ha treatment than the highest responding treatment, i.e., 25 kg 
S/ha and 50 kg S/ha. The findings encouraged the view that there is some form of co-
regulation of nitrogen and sulphur uptake in mustard which may akin to that described 
for nitrogen and sulphur assimilation (Reuveny et al, 1980; Singh and Mehta, 1980; 
Janzen and Bettany, 1984; Brunold et al, 1987; Walker and Booth, 1992; Zhao et al, 
1993). 
Index relationship shown in Figure 9 also emphasise that N and S concentrations 
improved in tissue due to S application, whereas P and K concentrations remain almost 
unaffected. When the uptake trend was investigated through index relationship, it was 
found that uptake of all the four nutrients (N,P,K and S) reduced at higher levels of S 
application (75 or 100 kg S/ha). This may be due to the fact that higher levels of sulphur 
application as elemental sulphur reduced the dry weigh drastically. 
5.3.5 Fertilizer use efficiency 
This parameter was calculated by dividing the increase in sulphur nutrient uptake 
(due to fertilizer application) by the amount of fertilizer applied (Doneen, 1934). 
Sampling values at 100 DAS were used for calculating the parameter as maximum 
uptake was attained during this stage. 
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Figure 9: Effect of applied S on the relationship between nutrient content and nutrient 
uptakes at 100 DAS in mustard plant 
From the Table 115, it is clear that the fertilizer use efficiency got reduced as the 
amount of fertilizer enhanced. However, the importance of optimal dose of fertilizer for 
maximum yield responses can be visualized through these finding as the fertihzer applied 
in excess got fixed or eroded in, from the soil. It was again interesting to observe that 
presowing seed treatment with GA3 improved the fertilizer use efficiency in comparison 
to foliar spray of GA3. This might be due to the fact that soaking of seeds had brought 
its manifestation as early as germination, but in the second set of treatment (spray 
application) it has to wait until 40 DAS when foliar apphed GA3 decided the fate of 
grov^h which was exhibited in improved sink for the nutrient, i.e., dry matter (Tables 7, 
33). 
Table 115: Fertilizer use efficiency (FUE) 
Amount 
of 
S AppHed 
(kg/ha) 
25 
50 
75 
100 
Per cent fertilizer used 
Water 
soaking 
20.3 
11.6 
5.2 
3.2 
10*M 
GA3 
soaking 
36.4 
18.6 
9.9 
7.0 
% 
increase 
in FUE 
due to 
GA3 
soaking 
79.3 
60.3 
90.4 
119.0 
Per cent fertilizer used 
Water 
spray 
17.5 
7.3 
4.6 
3.2 
lO^M 
GA3 spray 
28.6 
12.6 
4.4 
3.7 
% 
increase 
in FUE 
due to 
GA3 spray 
63.2 
73.2 
-4.3 
15.6 
4.3.5 Productive efficiency of fertilizers 
This parameter was calculated as follows: 
Increase in yield due to fertilizer 
Productive Effeciency = 
Amount of fertilizer applied 
From the Table 116 it is clear that the productive efficiency of applied sulphur 
was more when the applied amount was optimum, i.e., 25 kg S/ha. The efficiency was 
further improved by GA3 treatments of the crop. It was found that the productive 
efficiency of the fertilizer (S) decreased when the apphed sulphur was higher than 
optimal level (25 kg S/ha). At higher levels of sulphur (75 kg S/ha or 100 kg S/ha), yield 
was reduced thus making the efficiency negative (toxic). At lower levels of sulphur (25 
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kg S/ha and 50 kg S/ha), the improvement in the productive eflBciency due to GA3 was 
very high in soaking treatments than that of spraying treatments. The possible 
explanation again lies in the mode of application of treatment, where presowing soaking 
of seed has increased the germinability and growth vigour impressively at early stage, 
but the effect of spray application could be received only after 40 DAS which is found to 
be engaged in the late setting of vegetative phase of the plant. 
5.3.6 Sulphur use efficiency 
This parameter was calculated by dividing the per cent increase in yield by the 
percent increase in sulphur uptake due to sulphur application. 
The sulphur use efficiency was found to be optimum only when the amount of 
sulphur intake was as per requirement of the plant (Table 117). Application of higher 
levels of sulphur made this element more available near the root zone and got 
accumulated inside the plant tissue. Yield is the manifestation of not a single nutrient but 
a combination of many nutrients as well as other biological and environmental factors. 
So, accumulation of higher levels of S even though improved the amount of N uptake 
could not alter other factors to improve the yield. Again GA3 soaking and spraying did 
improve the sulphur use efficiency than control (0 kg S/ha) but not at higher levels, 
where efficiency of uptake was reduced than that of lower levels of uptake. The report 
on sulphur use efficiency due to GA3 application has not been made earlier. 
Table 116: Productive efficiency of the fertilizer (PEF) 
Amount of PEF: Increase in seed yield (kg)/ kg S applied % increase in 
fertilizer applied Water GA3 efficiency due to 
(kg/ha) GA3 
Soaking 
(Experiment 3) 
25 
50 
75 
100 
Spraying 
(Experiment 4) 
25 
50 
75 
100 
4.84 
1.08 
-1.45 
-2.60 
6.12 
1.80 
-1.44 
-2.34 
13.36 
5.16 
0.67 
-1.68 
11.90 
4.32 
0.24 
-2.70 
176.0 
377.0 
146.0 
35.4 
94.4 
140.0 
116.0 
-15.6 
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Table 117: Sulphur use efficiency (SUE) 
Amount of Sulphur use efficiency % increase in 
Sulphur applied Water GA3 SUE due to GA3 
(kg/ha) 
Soaking 
(Experiment 3) 
25 
50 
75 
100 
Spraying 
(Experiment 4) 
25 
50 
75 
100 
25.1 
9.7 
-28.9 
-84.0 
40.8 
28.9 
-36.0 
-83.6 
38.0 
28.8 
2.1 
-24.9 
48.3 
39.7 
6.3 
-85.2 
51.4 
197.0 
107.0 
74.0 
18.4 
37.4 
117.5 
-1.9 
5.3.7 Yield parameters 
Yield component of a crop is greatly influenced by the growth behaviour of the 
plant. Any fluctuations from the trend may lead to an altered yield responses. 
Experimental results of third and fourth experiments (Yield attribute Tables, 83-84, 111-
112), showed differential responses for the yield when the plants were placed in sulphur 
deficient (0 kg S/ha) to sulphur sufficient (25 kg S/ha, 50 kg S/ha) and sulphur excess 
(75 kg S/ha, 100 kg S/ha) conditions. It was found that application of 25 kg S/ha 
(sulphur sufficient) improved the seed yield by increasing the proportions of reproductive 
tissues (inflorescence and/or pods) to total dry matter (biological yield). Further increase 
upto 50 kg S/ha did not affect the yield, while increasing the levels upto 75 kg S/ha and 
100 kg S/ha (sulphur excess) has negative effect on the seed yield. From the mean of 
both experiments (third and fourth) it was found that application of 25 kg S/ha (sulphur 
sufficient) treatment increased the number of pods per plant by 11.4% and 54.4% than 0 
kg S/ha (sulphur deficient) and 100 kg S/ha (sulphur excess) respectively. The effect of 
this enhancement was clearly visible on the seed yield where 25 kg S/ha was found to 
enhance the seed yield by 8.3% and 47.9% than 0 kg S/ha and 100 kg S/ha respectively. 
This was due to the efficient partitioning of the dry matter in 25 kg S/ha over 100 kg 
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S/ha treatment as was observed in the increase of harvest index by 14.4% with 25 kg 
S/ha than 100 kg S/ha treatment. This has further substantiated the claim of better 
management of resources through sulphur application in mustard. As the growth and 
yield component of the crop was improved with sulphur treatment (25 kg S/ha) an 
encouraging response for oil yield was observed. It was found that 25 kg S/ha enhanced 
oil yield and higher dose 100 kg S/ha decreased the oil yield by 46.8%. It can be 
concluded that oil yield followed a similar enhancement or decrease pattern to that of 
seed yield. 
5.3.7.1 Regression analysis 
To assess the use of significance of GA3 along with sulphur in predicting seed 
yield of mustard regression analysis was carried out. Seed yield from all the five levels of 
sulphur was treated as 'y' and the levels of sulphur as 'x'. The soaking and spray 
treatments used were water soaking and water spraying and lO'^ M GA3 soaking and 
10"'M GA3 spraying. 
The regression equations are as follows: 
1. Water soaking: 
y = 11.918 + 0.043 x - 0.0007 x^ R^ = 0.9468** 
2. GA3 soaking (10-^M): 
y = 14.047 + 0.0501 x - 0.0009 x^ R^ = 0.9215** 
3. Water spray: 
y = 12.33 + 0.5x - 0.008 x' R^ = 0.8965 
4. GA3 spray ( 10" 'M) : 
2 T»2 _ n onuc^!* 
.2 T>2 r\ m / i Q * * y = 14.37 + 0.0449 x - 0.001 x^ R^ = 0.9749* 
These regression analysis work was translated into the Fig. 10 which gives clear image of 
higher yield under the influence of GA3 either through seed soaking or spraying 
treatments. From these regression equations some additional informations are obtained: 
In those sulphur treatments where GA3 was not included (both spray as well as 
soaking) it was found that between 0 to 66 kg S, the plant can grow safely with a 
fluctuations of yield by 10%, i.e., upto 66 kg of sulphur the loss in the yield will be only 
by 10%, whereas if the amount of appUed S increased from 66 to 86 kg, the loss in the 
yield will be 20% and if the applied S is 111 kg S/ha then the loss will be 40%. However, 
when GA3 was included as soaking or spraying, it was found that the same amount of per 
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Figure 10: Regression curves between levels of applied sulphur and seed yield of 
mustard 
cent loss of yield was occurred with almost same amount of applied sulphur when 
compared to their respective controls (Table 118), but the yield response of the crop in 
the GA3 treatment (soaking or spraying) was higher compared to their respective 
controls. 
Table 118: Effect of applied S on seed yield of mustard 
Vo loss in yield 
from optimum 
>10 
>20 
>40 
Water soaking 
>67.4 
>87.2 
>113.0 
Amount of applied 
Water spray 
>64.4 
>84.2 
>110.0 
sulphur (kg/ha) 
GA3 soaking 
>64.2 
>82.6 
>107.5 
GA3 spraying 
>59.2 
>75.8 
>99.0 
Index relationship Figure 11 again emphasized that S application up to 25 kg 
S/ha increased the photosynthetic rate thereby improving the biological yield and seed 
yield. Application of higher amount of S (75 and 100 kg S/ha) reduced the 
photosynthetic activity and the biological and seed yield. 
5.3.8 Quality parameters 
In both experiments, quality parameters were determined in terms of amount of 
oil present in the seed and acid, iodine and saponification values. Acid value was found 
to be lowest in 25 kg S/ha treatment (13.9% mean of both Experiments than 0 kg S/ha) 
while saponification value was recorded highest with 25 kg S/ha (14.2% mean of both 
Experiments than 0 kg S/ha). In this way the quality of oil got improved by lowering 
and increasing these parameters respectively in response to optimal level 25 kg S/ha as 
they denote keeping quality and digestibility of oil. 
In the present investigation, oil content was found to be non responsive i.e., 
unaltered towards any of the treatments. It is consistent with the earher report of 
Lakkineni and Abrol (1992). There are enough indirect evidences which suggests that 
high sulphur concentration is not a mandatory requirement for oil seed crops because oil 
per cent remain constant even with additional sulphur supply. 
5.3.9 Pooled Analysis of Experiment 3 and 4 
The data on biological yield and seed yield of the Experiment 3 and 4 were 
combined for pooled analysis and were statistically analyzed to find out the difference if 
any between the two methods of GA3 treatment i.e. soaking and spraying. Since both 
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Figure 11: Effect of ajpplied S on the relationship between photosynthesis at 60 DAS and 
seed and biological yield at harvest in mustard plant 
the experiments were carried out together, all other factors were same. Moreover, both 
the experiments were carried out side by side and hence they were treated as main plots, 
and the concentrations of GA3 and doses of sulphur constituted subplots. In this way 
there were two main plots i.e., Soaking and Spraying and sixteen sub-plots. 
From the pooled analysis (Table 119) it was found that the effect of the main 
plots was non significant for biological as well as seed yield and hence the effect of 
spraying as well soaking were almost same. The sub-plot effect was significant, which 
was explained in detail in the result section of the respective experiments. 
From these two experiments it can be concluded that mustard plant responded 
well for sulphur application and the optimum amount was found to be 25 kg S/ha (Figs 
12-15) Application of S was found to increase the uptake of N and thereby increasing 
the protein content of the plant Increased N uptake increased the growth of the plant 
mainl)' by enhancing leaf area, chlorophyll content and photosynthesis Increased growth 
resuhed into increased pod number which intern boosted the seed yield Application of 
higher levels of sulphur (75 kg S/ha and 100 kg S/ha) in the present study had adverse 
effect on plant growth. 
Use of GA3 solutions as soaking or spraying together with sulphur found to 
improve the seed yield further It is also clear from pooled analysis that the effect of 
soaking and spraying was almost identical The soaking treatment will be less expensive 
just only by few hundred rupees because spraying treatment will require additional 
laboure charges for spray (if economic calculations are made). 
But one should note that the soaking treatment is cumbersome to use as the seeds 
may stick together which is to be dried properly for homogenous broadcasting 
Moreover, the time required for the mustard seeds to germinate is so less (36 to 48 h) 
that if the seeds are not dried properly after soaking, the germination may start even 
before sowing and the seeds get spoiled. On the other hand spraying lO'^ M GA3 at 40 
DAS will be better and safest option to increase the yield potential of the mustard 
Therefore, either of the two methods of GA3 application may be used for higher yield 
depending upon ones own limitations and local conditions. 
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Figure 12: Effect of pre sowing seed treatment for 8 h with GA3 on pods/plant, seeds/pod 
and 1000 seed weight of mustard grown with five basal levels of sulphur 
25 50 75 
Sulphur levels (kg/ha) 
GA) eonceitfnitioBS (M) 0 i r 10' icr* 
Figure 13: Effect of pre sowing seed treatment for 8 h with GAs on seed yield, biological 
yield and harvest index of mustard grown with five basal levels of sulphur 
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Figure 15: Effect of GA3 spray at 40 DAS on seed yield, biological yield and harvest 
index of mustard grown with five basal levels of sulphur 
Table 119: Pooled analysis of Experiment 3 and Experiment 4 
Sub 
GA3 
0 
10^ 
10^ 
10^ 
plots 
Sulphur 
0 
25 
50 
75 
100 
0 
25 
50 
75 
100 
0 
25 
50 
75 
100 
0 
25 
50 
75 
100 
Mean 
CD at 5% 1 
Main plot (M) 
Sub plot 
M x S 
SxM 
(S) 
Soaidng 
11.7 
12.9 
12.3 
10.6 
9.1 
13.8 
15.0 
14.3 
12.2 
10.0 
14.3 
15.2 
14.4 
12.6 
10.0 
14.0 
15.2 
14.4 
12.5 
10.4 
12.8 
Seed yield 
SDraying 
12.1 
13.6 
12.9 
10,9 
9.7 
13.1 
14.2 
13.4 
11.9 
9.9 
14.3 
15.0 
14.2 
12.2 
9.4 
13.4 
14.7 
13.9 
11.5 
10.6 
12.5 
Seed yield 
NS 
0.96 
NS 
NS 
Main plots 
Mean 
11.8 
13.3 
12.6 
10.8 
9.4 
13.5 
14.6 
13.9 
12.1 
9.9 
14.3 
15.1 
14.3 
12.4 
9.7 
13.7 
14.9 
14.1 
12.0 
10.5 
-
Soaking 
45.2 
51.2 
51.0 
45.9 
40.9 
52.5 
57.6 
59.0 
50.4 
44.2 
53.6 
58.7 
59.9 
52.7 
44.3 
53.0 
59.4 
59.9 
53.3 
46.1 
51.9 
Biological yield 
Spraying 
47.1 
53.5 
53.4 
46.5 
43.6 
50.1 
56.6 
56.5 
52.1 
44.5 
52.7 
56.1 
58.8 
49.1 
50.5 
52.2 
57.5 
56.0 
50.0 
42.8 
50.9 
Biological yield 
NS 
2.13 
NS 
NS 
Mean 
46.1 
52.3 
52.2 
46.2 
42.3 
51.3 
57.1 
57.8 
51.2 
44.4 
53.2 
57.4 
59.4 
50.9 
42.4 
52.8 
58.5 
58.0 
51.6 
44.5 
5.4 Conclusion 
From the extensive browsing of all investigations it may be concluded that: 
1. Pre-sowing soaking treatment of seeds for 8h in GA3 (lO'^ M ) was found to increase 
the plant height by 20.5% thereby increasing the leaf area (by 25.6%) and dry matter 
production (by 15.9%) which was responsible for increased seed yield and oil yield 
by 14.9 and 13.9% respectively. 
2. Spray of GA3 (10"'M ) at 40 DAS increased the plant height by 16.7%, leaf area by 
48.2% and dry matter by 18.8%. This was translated in to enhancement in seed yield 
and oil yield upto 16.2 and 13.9% respectively. 
3. Treatment with GA3 either through seed soaking or foliar spray improved the 
chlorophyll content, rate of photosynthesis and photosynthetically active radiation. 
4. The best growth stage for spraying of GA3 was 40 DAS, while in second order 
similar enhancement effect was observed for two equal split applications of GA3 at 
40 and 60 DAS. 
5. Pre-sowing soaking the seeds in GA3 or spraying of GA3 did not alter the 
requirement of sulphur but the crop performance was improved significantly when 
both were applied together in comparison to their single application. 
6. The optimum dose of elemental sulphur was 25 kg S/ha while effect of 50 kg S/ha 
was almost identical, but any increment from this level, i.e., at 75 or 100 kg S/ha 
proved detrimental to the crop. 
7 Rate of photosynthesis, chlorophyll content and photosynthetically active radiation 
was found to be maximum in sulphur level of 25 kg S/ha. 
8. Availability of sulphur enhanced the content and uptake of nitrogen, while levels of 
sulphur has no impact on phosphorus and potassium content or uptake. 
9. Pre-sowing seed treatment with GA3 or foliar application of GA3 improved the 
fertilizer use efficiency. The sulphur use efficiency was found to be maximum only 
when the amount of sulphur intake was as per the requirement of the plant i.e at 
optimum sulphur level (25 kg S/ha). GA3 application further enhanced the sulphur 
use efficiency. 
10 Productive efficiency of applied sulphur was more when the applied amount was 
optimum i.e at 25 kg S/ha wWch was further improved by GA3 treatment of the crop. 
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11. It was found that plant can grow safely when the sulphur application was between 0 
to 66kg S/ha with a fluctuations in the yield by 10%, whereas if the amount of 
applied S increased from 66 to 86 kg, the loss in the yield will be 20% and if the 
applied S is 111 kg S/ha then the loss will be 40%. 
12. GA3 did not alter the oil quality, but application of sulphur (25 kg S/ha) improved the 
quality by decreasing and increasing the acid and saponification values. 
13. Application of sulphur did not increase the oil content. 
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CHAPTEK - 6 
SUMMAKY 
CHAPTER-6 
SUMMARY 
The present thesis "Morphophysiology and Productivity of Mustard in Relation to 
Gibberellic Acid and Sulphur Application" comprises of six chapters. In Chapter 1, the 
importance of the problem and the lacunae in the understanding of the problem and 
justifications have been put forward for enterprising the present w^ork. 
In Chapter 2, a review of the work done on individual and of combined effect of 
plant growth regulators and sulphur nutrition on crop growth and development have been 
envisaged. 
Chapter 3 deals with the details of material and methods employed for the four 
field experiments conducted and relevant meteorological and edaphic data have been 
given 
In Chapter 4, the results found significant at P < 0.05 on performing statistical 
analysis according to the design of the experiment have been recorded in detail. 
The significant results have been discussed in the context of earlier findings 
(Chapter 5) and are summarised below: 
Experiment 1 (1995-96) was conducted according to factorial randomised block 
design to establish the most suitable duration (8 or 12 h) for soaking of mustard (Brassica 
juncea L.) var. Varuna seeds in GA3 solutions of concentrations of 0, 10"^ , 10'^ , and 10"* 
M on performance of mustard. Soaking concentration of 10"^  M GA3 and soaking 
duration of 8 h was found to be the best in comparison to any other combinations of the 
treatment for most of the parameters studied. In growth parameters, soaking of seeds for 
8 h in 10"^  M GA3 concentration increased the plant height, leaf area and plant dry 
weight Further enhancement in concentration, i.e., 10'^ , 10"* M or soaking for higher 
duration i.e. 12 h could not improve these parameters. The distribution of dry weight 
from source to sink (pods) was highly efficient in 10"^  M GA3 concentration as was 
evident from higher pod dry weight. Crop growth rate was impressively enhanced with 
soaking of seeds in 10"^  M GA3 for 8 h at eariy growth stages, i.e., 0-40 DAS interval and 
60-80 DAS interval. However, relative growth rate and net assimilation rate got declined 
with GA3 soaking. Specific leaf weight increased and leaves became thicker at initial 
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stage upto 80 DAS in treatment 10"* M GA3 soaked seed and became equivalent to that of 
control treatment at 100 and 120 DAS. In photosynthetic parameters, chlorophyll 
content, rate of photosynthesis and photosynthetically active radiation was increased with 
10"^  M GA3 soaking of seeds for 8 h. In biochemical parameters soaking of seeds for 8 or 
12 h and in all concentrations of GA3 resuhed in equal values for nitrogen, phosphorus 
and potassium content. Uptake of N, P and K were, however, enhanced by 8 h soaking 
treatment in 10"^  M GA3. In yield parameters, number of pods and seed yield was 
increased which directly boosted the oil yield. The quality parameters, oil content, acid, 
iodine and saponification values remained unchanged with any of the treatment. The 
interaction effect of GA3 soaking concentrations and soaking duration was found to be 
non significant for almost all the data. 
Experiment 2 (1995-96) was conducted according to factorial randomized block 
design. The aim of this experiment was to ascertain the effect of single foliar spray of 0, 
10"^ 10"^  and 10"^ M GA3 at 40 and 60 DAS, or double spray in equal splits of 0, 10"*^ , 
10"'° and 10"^ M GA3 both at 40 and 60 days. It was noticed that the effect of GA3 spray 
at 40 DAS and two equal splits of GA3 spray at 40 and 60 DAS were at par for all the 
parameters at final stages. The spraying concentration of lO'^ M GA3 at 40 DAS was 
registered best for most of the parameters investigated. Almost all the growth 
characteristics and photosynthetic parameters were influenced favourably with spray of 
lO-'M GA3 at 40 DAS and the response was identical to that of soaking experiment 
(Experiment 1). In biochemical parameters, no difference was found between the 
spraying concentrations of GA3 and water for the concentrations of the nutrients. 
However, nutrients (N, P, K) uptake was enhanced by the treatment. Yield attributing 
parameters, seed yield and oil yield were recorded highest for 10" 'M GA3 sprayed plants 
at 40 DAS. The interaction effect was found to be significant for only few growth and 
photosynthetic parameters at 60 and 80 DAS samplings. 
Experiments 3 and 4 (1996-97) were conducted simultaneously according to 
factorial randomized block design to assess the effect of soaking of mustard seeds for 8h 
(selected in Experiment 1) in 0, 10"^ , 10"' and 10"^ M GA3 along with five levels of basally 
applied elemental sulphur 0, 25, 50, 75 and 100 kg/ha (Experiment 3) and GA3 spraying 
of 0, 10"^ , 10"' and 10"'M at 40 DAS (selected in Experiment 2) along with five basal 
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levels of sulphur 0, 25, 50, 75 and 100 kg/ha (Experiment 4). The parameters studied in 
these experiments were same as in earlier experiments. But in biochemical parameters 
content and uptake of sulphur were also determined. In general, it was observed that at 
lower level of sulphur (25 or 50kg S/ha), soaking (lO'^M GA3) or spraying (10" 'M GA3) 
of GA3 elicited beneficial effect on almost all parameters, but at higher levels of sulphur 
(75 or lOOkg S/ha) and soaking or spraying of GA3 did not show any beneficial effect. 
In Experiment 3 seed soaking in 1 0 " ^ GA3 for 8 h improved growth, 
photosynthetic, biochemical and yield parameters. In this Experiment, it was also found 
that application of 25kg S/ha registered maximum plant height, larger canopy and thereby 
higher biomass accumulation at all stages of sampUng. Crop growth rate was immensely 
improved with 25kg S/ha while RGR and NAR were found to be maximum in higher 
levels of sulphur. 
Pod dry weight was highest in 25kg S/ha treatment which reflects the efficient 
translocation of dry matter towards sinks (pods). In photosynthetic parameters, 
chlorophyll content, rate of photosynthesis and photosynthetically active radiation were 
found to be highest in sulphur level 25 kg S/ha. However, at higher levels of sulphur rate 
of photosynthesis and chlorophyll content was decreased at all sampling days, but PAR 
was higher at 100 DAS. In biochemical parameters, nitrogen and sulphur content was 
found to be increased with increasing levels of sulphur while potassium and phosphorus 
content remain unaltered. Uptake of nitrogen, phosphorus, potassium and sulphur was 
found to be highest in 25kg S/ha treatment. In yield parameters pod number, seed yield 
biological yield and harvest index were found to be maximum in 25kg S/ha treatment. 
This had direct implications on the oil yield which treads the similar path to that of seed 
yield. In quality parameters, quality of oil got improved by lowering the acid value and 
increasing the saponification value of the oil with the application of 25kg S/ha, where 
former considered to be good for oil keeping quality while latter for digestibility and soap 
making quality. The interaction effect was found to be significant for most of the 
parameters, where lower levels of sulphur, showed significant difference and higher 
values than individual effects. 
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In Experiment 4, the response of all growth, photosynthetic, biochemical, yield 
and quality parameters were similar for various sulphur levels, lO'^ M GA3 and its 
interaction to that of Experiment'3. 
The perusal of the pooled analysis of the data recorded for Experiment 3 and 
Experiment 4 and fitting the regression curve for seed yield of these two experiments, it 
emerged that the trend of response to GA3 in these experiments were similar. The option 
of selecting the mode of application of GA3 (through seed soaking or foliar spray) 
depends on one's own limitations and local conditions as discussed in detail in Chapter 5 
in Section 5.4. 
The present chapter (Chapter 6) is followed by an upto-date bibliography of the 
references cited in the text and an appendix containing the various formulations 
employed for chemical analysis. 
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APPENVIK 
APPENDIX 
PREPARATION OF REAGENTS 
The reagents for various chemical determinations was prepared according to the 
following methods. 
Reagents for N, P, K and S determination 
1. Nessler's reagent 
3.5 g of potassium iodine was dissolved in 100 ml of distilled water in which 4 per 
cent mercuric chloride solution was added with strring until a slight red precipitate remained. 
Thereafter 120 g of sodium hydroxide with 250 ml of distilled water was added. The 
volume was made up to one liter with distilled water. The mixture was decanted and kept in 
an amber coloured bottle. 
2. Molybdic acid reagent(2.5%) 
1.25 g of ammonium molybdate was dissolved in 175 ml of distilled water in which 
75 ml of ION sulphuric acid was added. 
3. Amino naphthol sulphonic acid 
0.5 g of l-amino-2-naphthol-4-sulphonic acid was dissolved in 195 ml of 15% 
sodium bisulphite solution to which 5 ml of 20% sodium sulphite solution was added. 
4. Acid-seed solution 
6N HCl containing 20 ppm sulphur was prepared by dissolving 0.1086 g K2SO4/L 
5. Barium chloride 
The salt of barium chloride obtained after passing through 40-60 mesh was used. 
Reagents for oil analysis 
1. Hydrochloric acid (0.5N HCl) 
Hydrochloric acid (21.49 ml) was mixed with 478.51 ml of double distilled water 
(DDW) to get 500 ml of 0.5N HCl. 
2. Iodine monochloride solution 
Iodine (13 g) was dissolved in a mixture of 300 ml of carbon teterachloride and 700 
ml of glacial acetic acid and the resulting solution was divided into solution A and B. To 20 
ml of solution A, 15 ml of potassium iodide solution (6) and 100 ml of DDW was added and 
titrated against O.IN sodium thiosulphate solution (7) using starch solution (9) as an 
indicator. Chlorine gas was passed through solution B until the amount of O.IN sodium 
thiosulphate solution required for the titration was not more than double of that needed in 
solution A. 
3. Phenolphthaiein solution 
Phenolphthalein (10 g) was dissolved in 95% ethanol and the volume will be made 
upto 1 litre. 
4. Potassium hydroxide (O.IN KOH) 
5.6 g of KOH was dissolved in 95% ethanol and the volume was made upto 1 litre. 
5. Potassium hydroxide solution (0.5N KOH) 
Potassium hydroxide (28 g) was dissolved in 95% ethanol and the volume was made 
upto 1 litre. 
6.Potassium iodide solution (KI) 
Potassium iodide (150 g) was dissolved in DDW and the volume was made upto 1 
litre. 
7. Sodium thiosulphate solution (O.IN Naa S2 O3) 
Sodium thiosulphate (24.8 g) was dissolved in DDW and the volume was made upto 
1 litre. 
8. Solvent-Mixture 
Ethanol (95%) was mixed in diethyl ether in 1:1 ratio. This mixture of solvent was 
neutralized just before use of O.IN KOH solution in the presence of phenolphthalein solution 
as an indicator. 
9. Starch solution 
Soluble starch (1 g) was dissolved in 100 ml of boiling DDW 
